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ZVTKODOCnOI 

•orc^boM  *r»  th«  »o«t  import«cit  ttmd  «fop  In  K«tMis  aod  «r*  «ld«ly  uMd 
OT»r  th«  ositrftl  wad  Kidrottem  Motions  of  thm  Uziitod  St*tec.     Yholr  adapt- 
ability to  »mil-Tii  ollaatos  hat  lod  to  tholr  liior«aa«d  popularity  daring 
ttMi  p««t  soveral  yoars  of  subnormal  rainfall.     IXio  to  tha  failure  of  otter 
•rops*  so reiuu  bavo  eon*  to  fom  oithar  ths  sntiro,  or  a  najor  part  of  ths« 
ration  of  dairy  omni  in  many  Motions.     Sv«a  though  thagr  aro  «id«ly  us«d« 
iittls  is  known  of  thoir  nutrltlTo  valuo*     fh«  vidosproad  eridmeos  of  oal- 
autrition  assooiatod  with  ths  oxtensiTo  fssding  of  sorgisaw  •aggostsd  a  iqrs- 
iMHtatie  stu<l(y  of  l^isir  foodiag  "Vislas  OTor  lo&g  psriods  of  tins. 

Ibr  various  rsaso&s  it  «as  adrisable  to  liait  IdMi  invostigation  to  out 
plant*     Tho  varioi^  knosn  as  Atlas  sorgo  was  ohosm  booauso  of  its  popular- 
ity in  IsnsM.    Atlas  is  elassified  as  a  SOTHit  sorgbm  and  has  a  oonpaot  hsftd 
with  irtiits  palai»bl«  sosd. 

thfS  purposo  of  this  inTostigation  is  to  study  tho  foediag  taluo  of  dairy 
rations  dsrivsd  prliMipally  or  itelly  tram  ths  Atlas  sorgo  plant,  and,  as  tve 
as  possibls«  ths  natrisnt  dsfioionoisw  of  this  plant  by  noting  tho  value  of 
tmriottt  sapplsMMnts  to  the  ratioa* 

This  thssis  is  eomnned  to  inTsstigntions  vith  ooira>  vhioh  fom  ths 
Jor  part  of  tho  sorghtss  pro^oot. 


UfXnr  OF  LITOAfDM 

Arftotie&l  atooknai  brra  «<tt8id«rod  tht  aorehani  «•  good  f««<i  and  nuoMrout 
popolAT  artiolM  appear  in  •^rioultural  papsr*  •flmmndiag  -tii«lr  u4m,  ftqp«ri* 
■■ntal  •Tld«a309  ooae«mlng  iAmir  mLu««  howB-fvr,  !•  MMkc«r*  Slao«  an  Att«tpt 
10  b«iac  »Ml*  to  d«lHix«iii«  th«  d(»fl«l«aol««  of  m  mUon  of  irtiieh  littl*  it 
kzuma*  It  ims  thoocht  adTlaabXe  to  r«ri«ir  tho  ll^raturo  coaoamiag  a  Turiol^ 
of  toplo«  in  MMireh  of  a  eluo  that  might  bo  ufoful  in  lolTlnc  tho  problosi.  A 
ttOMpleto  mtmy  of  litovature  rolatlTo  to  tho  nutrition  of  oattlo  ia  not  poo- 
•iblof  hmoo«  an  atWi^  ham  boon  nado  to  oonf ino  th»  following  r«vi««  to  in- 
iTMtifatiotta  Idiat  an/  bcw*  a  aoro  diroot  boaring  «a  th«  probl«B* 

lUiarlBiiitMt  W»v1c  of  Sisilar  Hatura 

XtM  firat  iiKTMticationa  vith  rationa  roatriotod  to  on*  plant  oouroo  mm 
tho  olaasioal  oxporimanta  of  Hart  and  aaaooiatoa  (74)  roportod  in  1911.     Throa 
3«t«  of  four  oowa  oach  vara  plaood  on  rationa  oooaiating  of  tho  oom  plant, 
«M  oat  plant «  and  tha  vhaat  plant,  raapaetlvaly.    fho  oom  aad  nhoat  ration* 
vara  aada  oqual  in  protoin  oontant  to  tha  oat  ration  by  adding  oom  glntan  and 
vlMftt  glutan  to  tho  roapootiYo  diata.     fho  rntiwui  had  a  nutritivo  ratio  of 
li8  in  all  oaaoa.    A  fourth,  or  oontrol,  group  vaa  fod  oqual  parta  of  tho  tbraa 
ratiCBia.     fho  oattlo  waro  plaood  cm  tho  oxporisontal  rationa  at  5  to  6  noatha 
of  ago  «nd  oontinuod  for  4  yoara. 

fho  aniaala  of  tho  oom-fod  group  grair,  roprodueod,  and  produoad  nornally, 
with  no  oTidanoo  of  laalnutritioa*     fho  whaat-fod  anisala  wore  unthrifty  in  ap-> 
poaranoot  waak,  dofomad  oalvoa  araro  bomj  and  aaik  produotion  -m*  aoctriaaoly 
lav,     fha  wily  obaarvod  oharaoteriatioa,  othor  than  ganoral  unthriftineas, 
irhoroin  tho  «hoat»fad  anintala  dlfferod  froB  tho  oom-fod  group  voro  a  lolling 
of  tho  tongna  and  tho  ontrotioa  of  aoid  urino.     fha  group  roooivlng  tho  oat 
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plant  md  th«  on*  r«o«lTlns  th«  mixture  wnr*  lnt«r&*diat«  la  ftppMr«no««  milk 
produetion,  and  r«inroduotloa,  b9tiiv«i  th«  oora  uid  «h«ftt  group* » 

Sm  •zp«rlB«it  IMP  r«p«ftt«d  (76)  but  th«  whMit  group  hsifars  flail«d  to 
MM>  into  li«ftt  «&d  showwl  Bftrkod  hittologioal  oh«iig«a  in  th«  nonrous  tisouo. 
Moro  roo«atly  (76),  tii«  Authors,  in  light  of  n«««r  infonnfttion,  r«lnt«rprot«d 
tho  roaulta  and  oonoludad  that  th«  vbaat  plant  ima  daficiant  In  o&loiun  and 
tUnmSb  a  ftotivity.     Cattla  grwr  normally  whan  fad  tha  whaat  plant  aupplaBantad 
with  bona  maal  and  ood  liver  oil. 

eanninghani  and  Addington  (35)  fad  a  raticm  eonaiating  of  ground  B^arl 
•orstana  plant  plua  oottonaoad  loaal,  with  and  iiithout  oaleiua  aupploBAt*     Cova 
on  thaaa  ratioaa  produoad  approximataly  70  per  oant  of  thair  a3(|MH»tad  i»roduo- 
tlan  and  ahowad  dafinita  aymptoaa  of  Titaain  A  dafieianay.     Savaral  of  tiba  oom 
daralopad  &  paouliar  adanatoua  oondition  in  the  raar  laga  that  gradually  apraad 
oTsr  tha  antira  raar  portion  of  the  oow.     Cm  utarua  and  plaoanta  wan  appar- 
antly  involTad  in  aasa  inatanoas  resulting  in  aborticm*     Iha  oaloium  supplflnaat 
did  not  inpro-va  tha  ration*     Oafioianoiaa  ot^r  than  vi^ailn  A  ■mar^  auapaotad, 
hut  no  indioatitm  aa  to  their  nature  «aa  givaa. 

Copeland  and  Anapa  of  Texas  (27)  United  tha  ration  of  dairy  cowa  to  oot- 
tonaoad Btaal  and  oottonaead  hulla*     Vitaaia  A  dafioianay  ayaptona  iMra  acuta 
and  so  otaifor  raaulta  wtra  noted. 

Many  ixnraatigatora  have  reatriotad  the  ration  of  ooaa  to  the  alfalfk  plant 
(61)  (68)  (69)  (70)  (139)  (IBS)  with  different  reaulta.     Hllk  production  varied 
tnm  46  to  86  per  o«it  of  nonMil.     Com  (mffered  teen  i^aphorue  deficianoy 
whan  fed  hay  fron  one  area  (69),  lut  the  uae  of  a  phoaphorua  aupplaaimt  failed 
to  raiae  nlUc  prodaetion  to  a  normal  l«Tel«     fiia  quality  of  protein  of  alfalfa 
haa  alao  bean  «iueationad  (68)  (69)  and  haa  bean  aho«x  to  be  deficient  in  oya- 
tine  for  rata  (186).     Hoffiaan  (87)  haa  recently  reported  that  the  addition  of 
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Qjrttloe  to  a  nUoB  tmdm  up  oaly  of  tix«  alfalfa  plant  fallad  to  inoroasa  adlk 
prodaotion  of  oova* 

•pfimM  at  FMd  for  LiT«ato<dc 

fm,   if  asy,  oh«aieal  uialyias  of  tht  AtU«  aorto  plant  hata  1m«q  publithod. 
Uudoubtadly  it  it  aLnllar  to  otfaar  •orgbuac,  but  likaly  nuriat  la  ooupoaltlon, 
wpaaially  ainaralt,  wltii  location,  aaaaon,  and  othmr  srowlne  o<mdition«. 

■urly  faading  triala  at  tho  Kanaaa  atation  (146)  ahowad  that  aorghwi  ailagt 
WM  of  only  alightly  laaa  faadlAg  raloa  for  dairy  oowi  than  oom  ailaea»  arw 
ttHVclk  aaeh  of  tha  aorftani  (rain  paaaad  throuch  tlw  oo«a  largaly  undigaatad. 
Shia  agraaa  eleaaly  vith  tha  -valua  of  ottor  aorgluM  grom  at  1^  Aricona  ata> 
tion  (84)*  Sorgo  foddar  and  aorgo  ailaga  «ara  of  about  aqoal  valua  (47)  «h«a 
fad  in  oonjunotlim  with  hay  and  grain,  Fron  two  aarlaa  of  doubla  ravaraal  tri- 
ala (S4)  (29)  it  aaa  oonoludad  that  ground  aorgo  grain  or  groimd  kafir  grain 
mm  aqoal  to  sromd  oom  ah«a  fad  with  hay  and  ailaga  to  dairy  ooaa.  It  hat 
baan  raportad  t^t  tha  Habraaka  atation  (60)  fotoxd  ground  kafir  gnOn  aqual  to 
about  66  per  oant  of  tha  faading  talua  of  yalXov  aom  far  fattaning  vt^vn, 

jlppraxixsataly  SO  par  a«t  of  tha  grain  in  Atlaa  ailaga  (48)  paaaad  through 
tha  digattiva  ayatan  of  oom  and  aaa  raoovarad  fron  the  ttt—  hy  vaahing. 
Xhirty-^ix  par  oant  of  tha  idiole  grain  fad  with  imy  ifaa  raoovered  froai  tha  faeaa 
Isgr  waahing.  Tary  little  nutrient  isiaterial  waa  ranoTad  frt»  tiva  grain  that 
paaaad  through  the  eowa. 

Cox  (S8)  of  Idle  KaBQiaaa  atation  haa  aada  extanaiva  Intaatigationa  with 
lamba,  uaing  Atlaa  aorgo  in  tha  ration.  Ha  found  it  neeeaaary  to  tnoorporata 
40  per  oant  of  oottonaaed  taaal  in  tha  gnUa  to  aeoure  goad  i^tina  ah«k  Atlaa  fod- 
dar ma  uaed  aa  roughage  and  Atlaa  grain  aa  the  a«aa«itrat9.  the  ration  waa 
flarthar  iaproTad  by  the  addition  of  ground  liaeatone.  Atlaa  fodder  waa  replaoed 


4 
hy  Atl*8  ailM*  ^^  •irailar  roaults*  ItMn  Sftint  tmim  on  AtlM  fodd«r,  Atlas 
grain,  IkMstona,  and  oottonseed  naal  wv  oonparad  with  gaina  aada  «hara 
alfalfa  wu  uaad  at  a  roxxg^m^m,   thay  vara  slightly  lovar  but  vara  laada  at  laas 
ooat. 

It  it  intarasting  to  nota  that  aztanaiTs  axpariaenta  oomdaotod  \>y  tha 
Taacaa  atation  (94)  ahowad  that  narkad  baoafiolal  raaulta  mra  obtai&ad  1^  iiSam 
additioa  of  gromd  lixaatona  to  tha  ration  of  fattanine  iMsba  vhai^  aildwr  rad 
top,  fatwrlta*  kafir,  hagarl  or  alio  fumiahad  tha  roughaga. 

tha  abova  axparinantal  triala  with  both  ahaap  and  oattla  vara  oonduotad 
ovar  oonparatiTaly  abort  parioda  of  tiaa  a&d  do  not  naaaaaarily  giva  aa  Indioa- 
tion  of  tha  talna  of  tlM  plant  ovar  loagar  parioda  of  tina.  Tha  work  of  Cun- 
nl»tlMi  and  Addingt<ai  (83)  ooTarad  lougor  parioda  of  tiaa  and  «aa  rofarrad  to 
in  tha  firat  aaation  of  thia  ravlafr.  B^yna  (1S5)  raportad  ttia  raaulta  of  faad* 
Ing  oranga  aorgo«  kafir*  and  mllo  to  poultry  aa  a  aoratoh  grain  A>r  aararal 
yaara.  Oranga  aorgo  aaa  unpalatabla  and  raaultad  in  low  produation,  iihila  kaflr 
aa4  mile  aonparad  ftivorably  with  oom  iriun  fad  in  oon;)unotion  wildx  a  naah  and 
aproutad  oata. 

Bcparlaaatal  aoric  with  rata  haa  ahowi  that  hagarl  ia  dafleiant  in  protain* 
aodium,  ohlorina  and  oaloiua  (160),  and  In  vitaain  A  (160)  (16S).  Tha  quali^ 
of  protain  aaa  alao  low  for  rata  (161).  Cottonaoad  maal  or  whaat  elutan  had  no 
aupplanaatal  affaot  whila  driad  akia  milk*  alfalfa  laaf  aarnl,  aoybaan  oil  maal« 
aaat  aerap  or  galatin  gara  dafinita  aupplaaWBtml  affaota.  Para  lyalna  gvn   aup> 
plaBMntal  affaota  to  aoma  dagraa,  atuuraaa  tryptapfaana  and  eyatina  did  not  (161), 
Tha  protain  of  kafir  grain  «u  ahoan  to  ba  dafioi«it  in  lyaina  and  oyatina  (89). 


fha  Iffaot  of  Low  Protain  Ratitma  on  Dairy  Cattla 
It  ia  wall  kzunai  ttrnt  a  dafioianoy  of  protain  in  young  animala  ratarda 


growth  OtHvr  than  poor  growth  md  gwetArftl  unthrlftln«<8,  little  it  latom,  con- 
eornlug  tdM  offaots  of  protoln  •hortago  tizioo  n  diot  loir  in  protoln  vould  likoly 
bo  d«fioi«at  in  othor  factor 8  •  It  has  boea  ahowx  that  oalrea,  after  4  cMmths  of 
age,  eaa  utilise  alBple  nitrogwious  oocupounda  a«  protein  (6)  (S3)  (41)  to  somi 
exteixt. 

nqperlmntal  «ork  on  the  effeote  of  feeding  low  protein  rations  to  oowi  is 
■eager*  the  neat  esi^prehsBsiTe  work  was  reported  ty  Rill  et  al  of  the  TeaMut 
station  (62)  in  1922.  Different  lots  of  oows  mre  fed  graduated  amotmts  of  pro- 
tein in  en  attsnpt  to  deteiKine  the  protein  requir«aents.  fim   "rery  low"  pro- 
tein ration  was  sade  by  feeding  a  grain  mix  eonposed  of  lOO  lbs.  wheat,  100  lbs* 
eats*  900  lbs«  oom  and  oob  mmX,   and  100  lbs*  honlny,  in  additi<»3i  to  20  to  40 
lbs*  of  silage  and  8  to  M)  lbs.  of  sdxed  hay.  The  very  low  protein  raticm  eon- 
tained  about  6.6  per  esnt  protein.  Ihe  eows  were  maintained  on  this  ration  for 
five  years,  fiikble  1  wwoarises  their  results. 

Table  1*  Milk  produetdon  fron  different  levels  of  protein  intake 


Lot 

(AT.) 
lAym  Veigjxt 

Av.  Daily 

T.  D,  r. 

ftsed  Intake 

Hutriti-fi 
Batio 

Average 

Daily  Froduotion 
l^tai          Butter 
8oUds           Fat 

Ibe. 

Ibe. 

lbs. 

lbs. 

lbs.              lbs. 

▲ 

694 

11.80 

1.26 

1>8.4 

IT.0 

2.41              .84 

B 

906 

11.70 

1.64 

li7.1 

16.4 

2.88              .88 

« 

896 

12.00 

8.08 

lt8,7 

17.4 

2.47               ,86 

Dl 

881 

9.86 

*?• 

ltl2.8 

14.9 

2.21              .79 

1 

878 

10.16 

1«08 

lilO.O 

16«6 

8«S7              .80 

^   "Tory  low"  protein  group 

The  authors,  in  disoussin^  the  general  thriftiness  of  the  ogws«  stated 
tlmti  "Aside  fron  tftie  faot  that  oowt  twA  tite  very  low  protein  ration  were  spsurse 


in  flesh  aa  «  result,  their  bodily  rigor  and  serrieeabili^  were  not  iBpaired*" 

The  Ohio  station  fed  oova  on  a  ration  with  a  nutritive  ratio  of  It  18  ovwr 
loni;  periods  of  tine  with  no  eridsinee  of  malnutrition  (ISO)  (181)  (189).  Ih« 
cows  reoelTod  an  exeess  of  feed,  howewr,  and  urotein  intake  was  enough  to  neet 
body  requir«a«xts«  The  observed  ooeffiolents  of  digestion  for  the  wide>ratio 
mtion  were  lower  than  tiiose  of  a  ration  oontaining  laore  {nroteln. 

JVaser  and  liaydsn  of  the  Illinois  station  (66)  obtained  semes^t  different 
results  froB  feeding  a  low  protein  ration.  They  placed  ztilkini:  oows  on  a  ra- 
tion with  a  nutritive  ratio  of  Itll  made  up  of  80  lbs.  oom  silage*  6  lbs*  ti»- 
othgr  hagr«  8  lbs.  of  olover  h«y«  and  8  lbs*  ground  oom.  The  oows  were  fed  all 
they  would  oonsuae.  They  became  extrsoMly  snaoiated,  fell  off  in  tailk  produo* 
tion,  and  showed  poor  utilisation  of  feed  hy  requiring  a  lart*  MKMint  of  na> 
trisnt  for  eaoh  pound  of  milk  produoed.  This  test  ms  disoontinued  at  the  end 
of  181  days. 

Jkxmtiby  (4)  reviewed  the  work  of  early  investigators  «nd  oonoluded  that  a 
ration  with  a  wide  nutritive  ratio  mould  sliow  a  low  apparent  digestibility  of 
the  oarbohydrate  portion  of  the  ration.  This  oonolusion  has  been  borne  out  Yxy 
mOt  at  the  Ohio  station  (189)  (141)  (148)  and  by  the  extensive  investigations 
of  met  and  oo-mrkers  in  Virginia  (48)  (48)  (44). 

It  has  also  been  reported  Id&at  inoreased  utilisation  of  feed  resulted  with 
•Mounts  of  protein  in  poultry  (78)  and  swine  (117)  raticms. 


Frotein*  Total  Digestible  Hutrients*  B&«rgy  and  Fat  Bequiransats  of  Cattle 

iMMrous  reviows  of  the  nutrient  requiransBts  of  oattle  havw  appMJred.  Host 
reviewers  voammmd  the  general  praotioe  of  liberal  feeillnf  but  muoh  experiaant- 
al  cvldanoe  indieates  that  the  aore  ooanomly  used  standards  mam  than  sMet  the 
actual  ninimn  requiranants  (40)  (82)  (180)  (181)  (189)  for  nonaal  body  funotlons, 
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Th«  w»ll  known  aaA  widaly  u»«d  Borrl«ott  Standard  it  pRrtl»lly  roproduead 
b«low  (184«  F.  1004)  in  Iabl9  S* 

taibl*  t*    Korriton  fsodine  ftiuidard. 


UTt  Dig,  ftrotwln  t*  D«  »«  Mot  Sii^y 

lb«.  Iba.  Ib«.  lb««  Iba,  Th«nst  fhama 

Oroving  C«ttU    100  — «  .24  -  ,40  —  1.2  -  2.0 1.2  -  2.0 

aOO  —  .82  -  .62        3,3  -  4.0  ——  5.2  -  8.8 

400  —  .80  -  .90        6.1  -  6.6  ——  5.3  -  3,» 

aoO  —  .94  -1.06  —  7.7  -  8.7 6.8  -  7.7 

Matur*  Com           700  .440  .476  6.18  U»l  4.10  4.03 

900  .347  .693  6.36  7.23  3.10  6.78 

1100  .est  .706  7.60  6.61  6.08  6.88 

1300  .784  .817  8.60  9.97  7.04  7.98 

1300  .634  .923  9.96  11.38  7,97  9,02 

1700  .932  1.032  11.11  12*83  6.89  10.06 

Ibr  Milk  Ilpoduetiou*  per  pound  of  milk 

8^                    -«-  .038  .046  .864  .300  .264  .279 

0                   .041  .048  .aef  .384  .886  .301 

1^                    ..^  .046  .038  .381  .373  .328  .347 

^                    -^  .052  .068  .399  .488  .371  .392 

7%                   .087  .068  .443  .470  .414  .437 


Work  at  tha  Wiaoonsin  statloa  (73)  and  sovoral  Cor^iga.  axparimffita  (6)  (41) 
hara  showi  that  aimpla  nitrogonous  oonpounda  suoh  aa  uraa  say  ba  uaad  in  part  a« 
protain  lubttitutaa  by  calves  aftar  4  noa^c  of  aga. 

Mo  aridanaa  it  a^ndlabla  oomeanalng  tha  mintitiai  fat  raquirtnantt  of  eattla. 
In  1882  tha  Cornell  ttation  daEoonstratad  that  iriian  tha  fat  content  (ether  tol- 
ubla  fraotion)  vat  latt  than  4  par  o«at  of  tha  raticm  milk  produotlon  vat  Icm- 
arad  but  so  patbologloal  oonditiona  imra  noted.     Ihlt  work  haa  been  oonf  imad 
raoantly  at  Comall  (110)  (111)  and  at  Mlohlgtn  (57). 

It  it  a  vail  known  faot  that  oalTat  vill  grov  nonuJLly  whan  tkia  siilk  fur- 
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nl«he«  most  of  the  rftti(m,  but  a  MBoothmr  eoat  and  ivr*  plsaaias  ftpp««rano«  r*- 
■ult  tram  iMTlzvg  mm*  fat  in  iSM  nlXk.  8uppl«a<mtlns  dkim  silk  ivlth  mtrlout 
vogatabl*  oils*  howrr*r«  hM  in  cm«  instano«  dopre«8«d  growth  nxd  caused 
digestiTS  dlsturbanoes  (67).  Jnlaal  fat  and  butter  oil  resulted  in  r«narkmbl« 
cains  in  «ai|^t* 

fbetors  Affeotiag  Utilisation  of  the  Ration 

In  e«n«ral,  a  8»re  liberal  intalw  of  nutrients  will  lower  the  digestibility 
of  tha  ration  (61)  (184).  Dlffereat  digestion  ooeffioients  reported  for  oertaln 
fiMds  have  l«d  Dsaay  ImnMti gators  to  suspeot  ttuA  there  are  assooiative  effects 
in  adxed  rations  that  may  inorease  tiieir  utilisation.  This  view  has  been  sub> 
stsntiated  by  the  eaqwrimantal  evldwxoe  of  fbrbes  and  associates  (SZ),  hy  the 
Comall  station  (168)»  and  by  Mitohell  (118).  Ttktson  (180)  (181)  and  oo-«orker« 
haTS  reottitly  failed  to  show  any  assooiative  effeots  fma  feeding;  differsnt 
feaia  ia  acMbination,  with  the  ezoeption  that  the  digestlbilii^'  of  oat  faollt  was 
lairtA  iriUB  fed  with  otJisr  roughages. 

Low  protein  content  of  1^  ration  has  beau  reported  to  decrease  utilisation 
(4)  (48)  (48)  (44)  (189)  (141)  (148).  The  quaUty  of  protein  in  the  ration  has 
aXsc  be«Q  reported,  by  aaglish  Investigators,  to  affect  uUlisation.  They  found 
that  raUons  low  in  lysine,  tryptophane,  arginlne  and  histldlne  were  poorly 
utilised  (54),  sod  found  a  sisaifloant  negative  oorreUtion  betwrnai  urine  nitro- 
gen wid  nilk  nitrogsn  output. 

Sie  Eansas  station  (160)  (161)  (158)  has  reported  that  phosphorus-denoim* 
eattle  showed  a  poor  utilisation  of  feed.  This  poor  utilisation  apparently  was 
dtta  to  fluilty  aetabolisB  since  digestibility  was  not  lowered.  Similar  findings 
were  reported  hy  the  California  station  (97). 

Wneness  of  grinding  nay  also  affect  digestibility.  Com  was  nore  digest- 


ibl«  lAim  flnaly  ground  (169)  #ill«  o«t«  wv  aor*  difMtibl«  whan  aodlira  groiaxd. 

lila«rml  &»quira>«zKfea  and  Dtf  ioicney  S^ptoiM 

Variott«  mJjMred  mixos  uf«  oomonly  rMOMMndad  &s  our»Mdls  for  o«ttl«  ail- 
atnta.     D»flnit«  d«fiol«icy  tympimut  tor  Murvral  aiaamls  h&T«  b««ga  docoribad* 
but  tho  faot  that  ninaral  d«flol«soy  ia  not  aa  aarloua  a  problan  to  th«  avaraga 
dairyaaB  as  Moah  lltaratura  would  laad  ona  to  ballara  baa  baaa  abow  by  Kaad  anA 
BoflkHa  (147)  and  aora  raoaatly  by  Beohdal  and  MaoolAtaa  (16).     Zhay  fad  ordin- 
ary rati.ona«  ualng  timothy  hay  aa  tha  prinoi]^  rou£)iagaj  without  ainaral  aup- 
jfhmm%  and  aain>rad  at  la*at  fairly  libanul  ailk  popodnoticm  with  no  aYldanoo  of 
■alsutrition. 

gjlleiuB  and  fhoaphorua.  Mltohall  (119,  P.  181*133)  aftar  an  exteaai'TO  ra> 
Tlaw  4^  tha  litaratura  has  givan  tha  fbllowlng  eatinatad  oaloiuH  anA  pliMphorua 
ra<luiraMata  for  a  Holatain  oowt 


labia  8.     Qaily  ealeiua  and  p.^soaphorua  raquirananta. 


I«t  Gft 

Itead  Ca 

l«t  F 

Flaad  P 

grazM 

graMi 

gnna 

gram 

Qrowiag  Cattla 

800  Iba.  body  wt. 
aoO  Iba.     "       • 
700  Iba.     ■       " 
900  Iba.     "       " 
1100  Iba.     "       " 

17.8 
14.8 
18.4 
10.6 
9*1 

t4.7 

ao.7 

X7,T 

18.0 

12.5 
11.7 
ll.S 
20*7 
10.4 

17.9 
16.7 
16.0 
15.8 
14.9 

llatura  Cow 

1000  lbs.  body  wt. 

4.1 

••0 

7.8 

10,4 

Araraga  Fragnaney  Kaq. 

>     4.6 

5.8 

t.4 

8.8 

Daring  laat  fi^  aaalftia  of  pragnaaoy. 

9f  aneaaqilioatad  piioaphoraa  dafioianoy  hava  baan  daaoribad  aa 
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Inpftirsd  f«rtlUty«  anorexia,  fragiXa  boaaa,  iMianaaa,  dapraTad  ftppatlta«  lov- 
mfd  radataooa  to  dlaa*aa«  aad  poor  utillMtlcn  of  faad.  Daath  oooiura  la  aa- 
fr*  oaaaa  (119,  P.  IS  and  14). 

Loivarad  produetlon,  fragila  b<su»s*  and  lov  blood  oalodDB   h*Ta  baan  rapor%a4 
M  oalciuB  daflcianoy  ajfttptona  (lU,  F.  19  and  14).     Sxtranaly  lov  Uood  ealoivBH 
Miy  load  to  convulaiozui  (119).     i^aotleal  dairy  ratio&a  ara  aaldoa  dafiei«it  in 
o*Xti«aK« 

fliaultaoaouB  dafioiCDolaa  of  oaloitan  and  phosphorua  occur  fraquaatly,  laad<- 
ine  to  riokata  in  youxxg  animla  or  oata<HBtalaoia  in  oldar  anlnala.     Sioketa  ia 
oharaotariaad  Iqr  low  blood  fi»9jgi»ra«  ua^i/or  law  blood  oaleium  levola,  atiffhaaat 
and  aoronaaa  of  Joiata*     Calvaa  aaauMa  «  oharaotarictio  bowad-lag  poaltion  in 
W^or*  oaaaa.     Xha  aoat  ni'iMim  ajiMptau  of  ostaonalaoia  ara  unl^ifty  appaaranoa 
and  dapravad  appatlba,  ahoving  profaronoe  for  bonaa  (119,  P.  16).     The  abot« 
conditiona  uaually  ariaa  Araa  *  lack  of  Titaain  D  or  a  ahortaga  of  ainarala* 
fha  importanea  Xbnwrly  Attaohad  to  tha  oaloium^i^aphorua  ratio  in  dairy  ra- 
tiona  haa  baan  quaatiimad  (119,  P.  30-84). 

IMMMMIp    '^^  MMpMiaiiai  ra^iraDonts  of  matura  oattla  ara  not  dafinitaly 
loum.     Boffioaa  and  ew-workara  (86)  produead  eagnaaim  dafioianoy  in  oaltwa  tgr 
faadine  ndiola  Kilk  «hioh  nomally  oontaioa  abwit  .055  graaa  of  aacA*aiiai  p«r 
pound  of  milk.     Fiftaan  to  taran^  milligrana  of  ma^aaitn  in  tha  fom  of  naf- 
aaaitaa  oxida  or  8  to  10  ailligrwa  aa  f  aad  amptMlm  par  ealf  malntainad  nomal 
aatfueaivaa  blood  lai«la« 

8]!MptBii«  of  aaenaaiuM  daflcianoy  in  oalvaa,  aa  daaeribad  by  aoffbaa  (86), 
ara  irritability,  aarvouanasi,  anoraxia,  low  blood  magnaaivaa,  and,  in  advanead 
atagaa,  eeotvulaiona. 

Qraaa  tatany  in  oldar  oattla  (119,  F.  16  aad  18)  haa  baan  attributed  t^ 

authora  to  Bwenaaiun  dafioianoy  and  ia  oharaotaritad  by  low  blood  nagnaalua 
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•nd  eoavulsioa«.     Onus  tatAsy  utually  oecurs  tno  or  thr—  WMln  fblloving  oal-r- 
lag. 

Iron  and  Cpppw.     All  that  i«  iaown  «onc»mixig  Iron  and  copper  r«quir«a«at« 
•f  rwdanta  m^  te  mmmaA  up  by  »«ying  that  oalvaa  an  an  aaBBluaiva  milk  diat, 
oontain^  approxiaataly  O.U  »«,  of  IS»  and  0.06  «£•  of  Cu  par  pound  of  allk, 
frill  daralop  nutritional  anania  (81)  (lOO)  (lU,  P.  70),  and  that  tha  daily  ad- 
dition to  thia  diat  of  400  a^.  of  |i»  and  40  ■£•  of  Ga  will  prawkt  it*  ooour- 
r«Hioa.     It  haa  tean  raportad  that  a  ration  eontaiaing  0.0176  par  oant  ¥•  and 
O.OOIS  par  oant  Cu  X\imiahad  aapla  aMoonta  of  thaaa  minorals  for  nomal  growth 
and  nomal  haaoclottia  in  blood  of  aalvaa  (98). 

Siara  haa  baan  raportad  a  nutritional  anania  In  oattla  froei  an  araa  la 
Maaaaofauaatta  «b«re  tha  im  ooatant  of  hay  was  0.0067  par  o«t  aa  ocaqiarad  to 
0»0XI1  par  aant  in  hay  grown  in  noa-ajtraotad  araaa.     Zha  anania  waa  eurad  \^ 
atteiniatarinc  Farria  I— oiiluw  Citrata,     Xha  «>«idroBia  daaoribad  was  alailar  to 
that  of  "buah  aioknaaa"  of  Haw  Zaaland*  Auatralia  and  Florida  whioh  was  latar 
ahown  to  ba  dna  to  a  dafioianoy  of  oobalt  (128)   (12$).     Hie  buah  sioknaas  had 
also  baan  ourad  by  faodiag  iroa  aalta  but  tha  oura  waa  dua  to  traoaa  of  cobalt 
In  thaaa  aalta  (129).     Tha  iron  otmtant  of  hay  from  Haw  Zaal»d  aroaa.  whioh 
mr*  Utar  ahown  to  ba  dafloiaot  only  in  oobalt,  waa  lowar  tiian  tha  mluaa  ra- 
portad froa  Kaasaohuaetta,  suggaatlag  that  a  dafloianay  tn  iron  did  not  axiet. 
lodlaa.     Xhara  hava  baaa  anmmu  ff<^orta  of  iodlaa  dafioianoy  of  oattla 
frc«  varioua  araaa,  bat  tSia  quantitatlvo  raquiracifWita  ara  not  knom.    Uitohall 
and  JicClura  (11»,  F.  72),  oft  tha  baais  of  anargy  intaka,  hava  oatimtaA  tiia 
daily  ra^ilraaant  to  bo  botwaaa  dOO  aad  800  aiorogrBsa  for  a  milking  oow. 

Tha  aoet  atrlkias  cjiaptac  of  iodino  dafioianoy  ia  goitar,  or  anlargad  thy^ 
rold  gland,     othar  agp^ptwa  inoluda  pranatura  birth,  rataiaad  plaovita,  hair- 
laaa  oalraa,  big<«aokad  oal-raa,  daoraaaad  fartility,  and  digaati^  dlaturbanoaa 
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(SO)  (116)  (lae). 

Cotmlt*     Cobalt  <l«floi«Doy  la  oh«r«ot«rised  by  d»pm,ynA  app«tlt««  aooml** 
«NMlati(m«  aii«Rl««  di«rrhMi,  and  ■coMtlm*,  Ion  of  hair  froea  oortaija  atmui 
(189).    BanliUHit  r*qulr«Miita  ar«  •xtr«Mly  wall  for  tMt  •Immt,  <m»  mllll- 
Sjnm  par  aw  par  day  balng  amplo  tor  «haap  (119,  P.  76).     Tha  astaot  raquir«aanta 
of  dairy  oattla  ara  not  kEbom,  but  Hkmaoh  (186)  haa  ooapilad  analyaaa  of  faada 
from  dlffarant  araaa  and  i^raaaata  tha  follewtoc  iMkblai 

labia  4.    Soaetion  of  litaatook  to  tarylag  laTola  of  oobalt. 

Gkibalt  Contant  of  Paatsura  ftraaa LlTaatoek  Saaotion 

0*01  P  •  f'U,  (dry  vt«  baalf)        Sorloua  dafloianoy  for  ahaap  and 

oattla 
0.04  "        «  ■      R       »  aarioua  daflolanay  for  ahaap,  aoaa 

fbr  oattla 


0.04  to  0.07        ■      ■      ■  jeij,  dafiolaooy  ftor  atiaap,  fair  tor 

aattla 
0.07  +  •      «      •  j^  dafloianoy  for  ahaap  or  oattla 


Salt.     Tha  dally  intaka  of  approxiiaataly  1*6  0»«  of  aodiun  and  alightly 
laaa  than  8  9u  of  ohlorttM  faara  boon  raportad  to  ba  mpla  twe  grovtSt  of  Mittla 
to  naturi^  (119,  P.  74).     Savaral  inataneaa  hava  baan  raportad  mbaro  Mdiua 
and  ohlorina  intaka  only  aliehtly  ataadad  output  in  milk  «i1di  no  aridadowM  of 
aalBtttritlOB.    Tha  mluntary  aalt  eoawnptlon  at  oattla  sMy  vary  vidaly  and 
for  no  apparaat  raaaon.    Ad  libittat  oonauaption  haa  baan  raportad  to  -vary  nor- 
mally froK  0.06  to  0.86  Iba.  par  day  (119,  F.  74) i  iho  anallar  mount  mora  thn 
aaaita  rafoircaanta. 

0th«r  Miaanala.    Ihnsanaaa  ia  tho  only  othar  minaral  that  haa  baan  tormA 
to  ba  aaaantial  for  farm  anlmala.     Baquiraaanta  of  piga  ara  aat  by  ana  part  la 
180,000  parta  of  ration  (119,  P.  76).    lo  dafloianoy  of  nttiVBiaaa  haa  baan  ra« 
portad  for  oattla.    ftavaral  othar  minaxmla  ara  thought  to  ba  raq^uirad  in 
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•xtr«a0ly  «a&ll  amouata  for  propsr  aaiaftl  nutriti<»i. 

^^fMKPt     Xhor*  haf  b««R  no  miy  dorltod  fcMr  d«t«mlntn{;  Vim  Mtual  totftl 
wiiMKr  r«<lalr«Mntc  of  a&iaa.ls.     It  bus  bMB  tttggvttod  that  1  oo.  of  imtor  is 
requirod  for  oaeh  ealorlo  of  boat  produood  (X19»  P.  77).     This  nouXd  glTo  a 
roquirensnt  of  2S  to  90  Iba*  of  vator  for  a  largo  dry  oow.     Tne  Toluntary  in- 
taka  of  vator  by  oova  graatly  anaads  this  ■■otait*    Morrison  (124)  has  giTin 
tha  -voluntary  intalM  of  dry  oows  as  100  lbs.  daily  snd  of  nilktog  Mfwi  as  4.8 
to  6.0  lbs*  por  pound  of  aiUc  produood.     This  SKOunt  ims  in  addition  to  -satar 
in  the  food.     Atkeaon  and  Hkrrsn  (6)  stato  thati     ''Tfodor  ralatiToly  sistilar 
alipwtJ«  snd  faadlng  oonditiaas  the  total  aatar  re^irsmaits  of  dairy  oovs  sessi 
to  dep«a4  sa  the  vater  in  nilk  plus  a  rather  definite  scount  of  water  per  poimd 
of  dry  statter  oonsu»ed«"     It  has  been  shoan  elsei^ere  (119»  P.  77),  l^t  vatar 
intsJca  is  inf lusneed  largely  bj  iMnperatura  and  idiat  as  aneh  as  80  per  oent 
More  aater  stay  be  ooasoMd  in  hot  weather  than  in  oold  weather. 

Titsnin  fiaquirenents  of  Cattle 

ft^lll  A  end  Carotene.     A  defioienoy  of  Titnaia  A  aotivity  in  oattla  is 
eharaotericad  by  night  blindness*  associated  with  papillary  edsna  (77)  (IJO) 
(18t)  (188)  I  low  blood  oarotene  (122).  diarrhea  in  ealires  (98),  oalTos  bom 
with  or  without  eye  lesions,  and  constr lotion  of  the  optio  uarrss  (180)  (183), 
excitabilitgr  (87),  rough  ooat  end  in  severe  oases,  SMBoiation.     Thero  haTs  been 
a  few  reports  (89)  (S3)  (36)  of  edsna  associated  with  -vltemin  A  defioianoy.     Tha 
paeuliar  qpftas  of  eomified  -vaglxud  epithelial  oella  in  rats  (89)  end  a  auu^ced 
departure  friM  the  nonasl  distributi<m  of  blood  ooll  types  in  hmaens  (1)  have 
been  reported  in  oases  of  Titsed-n  A  def  ioien^. 

Ouilbert  and  oo-workers  (68)  (68)  (64)  (66)  have  reported  the  daily  re» 
^ir«n«ats  to  prevent  the  oeourranoe  of  night  blindness  to  be  26  to  33  nioro- 
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pnm  of  oarotao*  (43  to  56  I*  Q.)  or  21  to  27  I&t«rnAtloiuil  ltelt«  of  vitamin 
A  (6*1  to  6«4  ■iorogrww)  por  kll»  of  body  ««l(^t«     Zh«s«  r«quir«MBlw  ham 
btnta  oonfimod  by  Mooro  (122)  «ad  by  Boohdol  and  MfsoeUtas  (10)  (177).     Ih* 
aboTo  detomiaationa  wore  zuida  with  ealToa  or  dry  oowa.     Mor«  raoantly,  Iturd* 
teohdal  and  Ouarr«it  (17S)  haTa  reportad  that  tha  niAiJUBi  raquiraaaQta  of 
e&lvaa  ara  ctat  by  faading  11  nlorofirana  of  oarotana  par  pound  of  body  walg^t 
(i4*t  niorograu  p«r  kilo)  vhon  fad  In  ttim  form  of  a  earotana  eooaaatrdta,  but 
M  HMh  aa  SS  nlerogrami  par  pound  of  body  iMlght  (72.6  raioroenna  par  kilo) 
ma  naoaaaary  irtian  fad  in  alfalfa  aolaaaoa  ailai^a. 

Oepaland  of  Taaota  (28)  (29)  baa  raportad  that  aa  ouoh  aa  88  aiorosrana  of 
earotana  par  kilo  of  walg^t  (25  miarograna  par  pound  of  body  «wight)  did  not 
prarant  night  bllndnaaa*     laoant  lndlo«ti<ma  of  hia  axparinont  are  that  tha 
•MM  aiBoimt  »ill  not  aupport  nomnl  rapsnaduotion  nor  ailk  proAwtion  in  halfara.' 
Uilkitte  oom  -mra  aatinatad  by  Copalmd  (27)  to  raoaiva  approxinataly  106,000 
unita  of  earotana  par  day  nd  ahoarad  a^ptoma  of  Tltawln  A  dafielaney.     fixia  «c- 
eaada  Ouilbart*s  raquircBflata  by  at  laaat  S0«000  unite  of  oarotane  per  day.     On 
a,  double  rarer  ael  ^riaa  of  126  dAya«  ooira  {voduead  10  per  eant  aore  nilk  liian 
raoeiirins  150  niorograiM  of  earotana  par  pound  of  wnifteb  (S3  niorograaa  par  kilo 
of  wai^t)  than  wima.  reeaivlne  16  niorograaa  p«r  pound  of  wight. 

the  Ikilted  Statea  Bureau  of  Dairy  Induatry  (2t)  (116)  {189)  haa  reported 
tha  requir«aents  for  nonMl  rapreduetlMi  to  be  ebout  80  ■£•  per  oov  per  day. 
Xhia  la  the  equi-*nl«it  of  at  leeat  120  niorograaa  of  oarotena  per  kilo  of  body 
wallet  fbr  a  l«680>pound  oov.     iy>aaibly,  additional  re<]uir«MBte  fbr  geatation 
and  lactation  say  explain  in  part  the  higher  requirtBcnta  aa  reported  by  Cope- 
land  and  the  United  Statea  Bureau  of  Dairy  Induatry.     Ikmever,  Copeland  (29) 
feond  Chiilbert'a  requiraMnta  to  be  too  low  even  for  oalvea.     Another  poaai« 
bllii^  ia  a  diffaranaa  in  abaorption  from  the  digeatiire  tw»t.     Thia  appaara  to 

Feraonal  eonomioatlai 
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h9  w>r«  lllcsly  9lne%  nwrd  and  Mwxslatet  (178)  haiv  reported  r«quir«n«nt«  to  bo 
dlfforoat  i4a«R  Mrot«ao  irm  luppliod  by  diffor^it  foods.     Iho  oarrlw:  of  tho 
oarotone  has  boon  shofu  to  affoet  obaorpti<m  m&rkodly  ia  rato  and  In  hUBuaio  (39) 
(••)  (90)  (104)  (188). 

IBULtBaH  ot  al  (Idt)  of  tho  Konoaf  station  roportod  rocalta  on  oarotoBo  bal- 
anooa  of  hoiforo  that  had  boon  <m  a  low  oarotono  ration  ft>r  flTO  wmtiia.     Ovor 
a  fiTO'W»th  poriod  of  tiao  tbo  daily  oarotono  iatako  par  hoifor  wm  IS  aig.  par 
day.     Iho  oarotono  output  in  tho  foooo  «ao  16  mg*  of  oarot«ao  por  oalf  por  day. 
ftrror  In  analyaio  aay  or  nay  sot  oxplain  this  disoropanoy}  howovw,  sovoral 
ehsBloal  dotonainations  «oro  nado.    Eowml  froM  body  atoros  was  unlikoly  a« 
storaeo  is  low  in  nowbom  oalros  (122)  (177).     Tho  possibility  of  synthosis  pro- 
sonts  itsolf  and  oould  oooeoiTably  off  or  an  oxplanation.     It  ia  of  intorost  to 
noto  «iat  aavaral  erfttiaaa  (7)  (98)  (lOS)  (187),  roo<Mblla<  tho  orpaiisR  ro« 
portod  by  Boohdol  and  asseolatos  (14)  to  oompriso  90  por  osnt  of  tho  flora  of 
a  hoifor 's  RBsn»  hoTo  bo«i  ataonn  to  synthosiso  oarotcno  and  ritajsla  jU 

Cattlo  hiOTO  boon  roportod  to  st«ro  onoueh  oarotono  to  Maintain  than  for  sor- 
•ral  Bonths  tm  a  doplotod  ration  without  shoving  syaytSMa  of  dofioisnoy  (S)  (78). 

ntmltt  B  Ceaploy.     In  1986  Boohdol.  Bsklos  and  FUsmt  (9)  roportod  that 
oalvos  fod  <»i  a  vitaaln  B  dofioisnt  ratic«  that  woald  not  ciaintain  rats  for  aoro 
than  2  to  5  mi^t  grow  nonudly  to  natarity  and  showod  no  eridsneos  of  malnu- 
trition.    Boohdol  and  aaaociatos  at  Fsna^lvania  Stato  Collogo  lator  reported 
that  TilNaKin  B  in  tho  nilk  was  zwt  dopondwit  on  tho  vit«ftin  in  tho  food  of  eowt 
and  that  a  vitamin  8  dofioiont  ration  fod  to  a  hoifor  attained  oonsids««ble 
Titsain  B  sotiTi^  In  the  rurasn  (IS)  (14).     This  eridanoo  suggests  ttiat  at  least 
part  of  tho  B  Coaplez  ia  synthosisod  in  tho  digestive  traot  of  tho  oow  in  somo 
instaneos. 

Within  tlvo  Ust  year  Pearson  (136)  (138)  has  reported  eridonoo  indioating 
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thAt  tlMi  nlootinle  Mid  r«quir«»«it  of  tha  ahstp  !•  lew,  or  that  thig  mbata&o* 
It  iQiiiithocls«d  within  th«  dls«ttlT«  tygttm,    Mor*  rvetnt  woric  at  Califtomia  hai 
•horn  that  thiamine,  rltaoflavla,  pantoth«atio  aoid  «id  Titantn  Bg  ar«  all  ayn- 
thaaltad  in  tha  zueiasi  of  tha  thifif  (108). 

Iha  ahova  arldinoa  atronsly  auggaata  ^lat  nxainantt  aay  aynthaaita  part  if 
net  all  of  thair  naada  of  tha  B  Ooaplaz  undar  eartaln  oondltlona.  Qd  tha  o1^u»r 
hand*  tao  2iollaad  (8)  InTsatigatort  inoludad  tha  fallowing  in  a  raport  otmoam- 
lac  vltMdA  B  and  starility  in  oattla  in  n^oh  thay  rafarrad  to  oowi  auffaring 
fron  T&rlous  dieaatira  diaturbanoaat  "In  wma  of  tha  ditaaaai,  injaotlon  of 
vltoain  Bi  praparatlon  haa  proTad  tharapautiaally  affaetlTa  againat  loai  of  ap- 
potita  and  aartain  nonroua  aynptomc  •onatiaaa  praaant,*'  Tha  Comall  atation 
(IS?)  haa  ahoim  that  tha  addition  of  drlad  braivar'a  ^aat  to  ragalar  oalf 
atartar  raaultad  In  graatar  growth  Idian  attainad  hy  faadlng  unaupplaBaatad 
atartar.  Eoldacaay  at  al  of  Tlrginia  (84)*  wox^cing  with  cowa,  raportad  Hmt 
yaaat  iaponrod  a  ration  in  ahioh  tiaothgr  hay  fumlahad  tha  roughaga.  fkotora 
othar  than  tha  B  Co»plax  aonld  aaally  hava  baan  raaponaibla  for  tha  raaulta  ia 
tha  lattar  two  Inataooaa,  howarar* 

Vltaain  C»  Iburaton,  PalAar  and  Soklaa  (166)  (167)  in  1929  praawitad  oon- 
elmiiira  aridanea  ^tat  haifar  ealfaa  did  not  naad  Tltaidn  C  in  tha  ration  to  grow 
and  raproduos  nomally.  Yo^mz  ooaa  that  had  rooaivad  a  Titaadn  C  fraa  ration 
ainoa  hlrth  gKva  oonaldarabla  anoxaata  of  Tltamin  C  ia  tha  »llk*  Xo  ana  taaa  ra-> 
futad  thia  work.  Baoantly,  howavar,  tha  Viaaoaain  atation  (146)  haa  obtainad 
iMBafiolal  raaulta  in  a  larga  paroantaga  of  eaaaa  froai  injaoting  Titanln  C  into 
ctarUa  bulla.  Zhay  wara  lad  to  try  thia  traattaaat  by  firat  notioing  th*t  aanon 
of  infartila  bulla  fraquantly  oontainad  no  Tltaain  C  idiaraaa  aanan  froat  fartila 
bulla  o<»itainad  laaaaurabla  quantltiaa*  Ho  avid«iaa  of  iapalrad  preduatlon  waa 
aantlonad  in  tha  aarliar  work  with  halfara* 
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ntmln  P«    Bloketa  hM  b««D.  taama.  to  occur  in  oattlc  for  laany  y—r»»    ^« 
r«l%tlon  of  Tltmin  D  md  •unfhlno  to  riokote*  bcwwvtar,  «m  cot  imdwttood  xmtU, 
192S  or  shortly  ti^rokftor.     SIaoo  th«.t  timo  thoro  hrro  boan  {ublioatlons  con- 
oornias  TltmUn  0  too  ni»trou«  to  dlMraM  «v«&  brUfly  in  thlc  p«p«r.     Tho  fsl* 
lovlae  i«  «  ataasary  of  what  it  knowi  of  Titauala  0  In  relation  to  tho  outritioB 
of  oattlo. 

IRwro  are  ••voral  oompounda  that  have  Tltwiin  D  aotlvity*     7hm  a«tiTlty  of 
thaao  oonpounda  varioa  mmmg  tha  diffarant  apaoioa  of  anioala  (107,  F.  SS(>->S6B}. 
fl'iMKbi  0  dooa  act  oeour  1b  saaaurabla  quantltlaa  is  erowlae  plant  tiaaua  (107* 
P*  IBS)  tut  raay  ba  foimod  liy  ultra  violet  irradiation  of  aaTaral  atarola  after 
harveatiac  of  the  plant.     Thaa  hay  that  la  e^poaadi  to  ^e  aunahino  for  a  few 
hoara  during  oiiring  baa  liberal  amoxmta  of  TitaadLn  D.     Titaadn  D  aetivitgr  ia  al- 
••  aeettred  uri^ian  the  minala  are  ea^aed  to  direet  etmlight.     It  ia  now  belietei 
that  thia  aotlTity  reaulta  fron  the  irradiation  of  7'-dehydroeholesterol  in  the 
■Un  (107 «  P.  84B)  and  net  frota  ergoaterol  aa  fomarly  tbou^s^.    She  exaet  ori- 
gin of  7-d^hydrooholeaterol  ia  not  known,  but  It  ooMa  fra«  coaM  plant  sterol, 
probably  oholesterol.     Aniottla  that  oonau&e  appreo  labia  aaounts  of  aun<-oured 
hay  or  are  ezpoaed  to  direet  aiiiUftht  f«r  a  few  houra  per  wedc  reoeive  aa^tla 
Tl  1—111  D*     Silace  has  alao  been  ahowa  to  be  a  good  aouroe  of  Tit«Qin  D  for  cat- 
tle (18). 

9ia  aole  fUnotiona  of  ritanin  D  In  tha  body,  aa  far  as  known,  are  the  r<^a« 
laticai  of  ealoioa  and  phoaphorua  netaboliak  and,  to  eoae  asctmt,  the  gfloieral 
Btetabolitfi  (107,  P.  S6S.S99). 

The  a|«ptBBui  of  vitM&in  D  defioieney  in  ealves  are  thoae  typical  of  rioketa, 
nwatly  vaollan  ;}ointa  and  bowed  forelega  aoooRpKaied  1;^  either  low  blood  oaloivn, 
imt  lHood  phoaphoruaf  or  by  botitii  anorexia,  and  ia  advanced  atagea  atiffaning  of 
the  hooka,  dram  gaunt  appearanoe,  and  aoaetisea  tetany  (IS)  (17)  (66)  (164).    It 
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it  alao  int«r«stlng  to  xiota  that  fltoaln  D  (i«rioi«a«y  it  oft«i  oooaapaniwl  Toy  it 
ottrvatura  of  the  ipln*  tiadlar  to  %.  eondition  oXtaa  obaertvd  In  oalvBf  &t  tha 
K«n«a8  statlosi  (18) •     A  dofieitnoy  In  laature  oattle  r««ilta  in  low  blood  e«lei», 
lam  blood  photi^iorua,  •tiffiM»««,  buoklod  kn««a,  rigid  apino  and  failura  to  oowi 
into  haat  (172). 

Tha  axaat  raquir«a«nta  of  Tlta«ia  0  t*  not  lauamn.     Many  raporta  ocmfim 
tha  baliaf  that  tha  iaolaaion  of  ordinary  anoimta  of  aan<-ourad  hay  in  tha  mk- 
tion  will  prairant  riokata  whan  aalTaa  mr9  kapt  flraa  tha  mnlight  (66)  (108) 
(181)  (154)  (174).     Olaon  (182)  kapt  t«o  oowa  amy  froa  aunli^ht  fron  oalfhood 
■fttil  thagr  aM^latad  8  laotatiooa*    Ko  aigna  of  aalnutritiaa  appaarad.    (kro«th« 
raivadttotica  and  lailk  produotion  for  ana  lactation  vara  ooHparabla  to  thoaa  of 
•OBtrol  anlBuila.     Tharo  wna  a  markad  daolina  in  nilk  produotion  of  tha  X30>aun« 
lisM  croup  durins  tha  aaaond  and  third  laotationa  but  tha  eowa  rwaainad  Sa 
fliad  haalth.     Thaaa  oowa  iiara  fad  an  ordjjaary  ration  oontainias  alfalfii  hay. 
fm  houra  of  aunahlne  par  day  hava  pravantad  any  ayaptoaM  of  Titanin  D  dafieteii- 
ay  tram  ahcmlng  in  aalvaa  (18). 

In  1984  l^lia*  lUmar  and  Ou]lioka<»v  (174)  raportad  that  roushly  866  U.S. P. 
Ifalta  (186  Staanbook  mita)  of  ▼itanln  D  daily  tnm  tiaotlqr  bay  nora  ttam  aat 
raquiraoMota  of  ealvaa*    Tha  fbllowin^  yaar  BafflMm  aad  Sunaan  (86)  raportad 
that  tha  daily  Intaka  of  86  to  48  U.3.JP.  Qnita  par  day  par  100  Iba.  of  bo^ 
iMiifiit  tnm  vintar  silk  aora  than  nat  r^uirawmta  of  ealTaa.     Baohtal  at  al 
(18)  raportad  that  tha  intaka  of  alias*  fUmiahlne  tha  aquimlant  of  tram  88  to 
166  V»9mf'  Ifaita  par  100  Iba.  of  waieht  proTsntad  and  ourad  riokata  la  yaarltas 
aalfaa.    Mora  raaantly*  Baohdal  and  aasooiataa  (18)  hava  praaantad  arridanoa 
that  800  U.S. P.  Thiita  par  day  par  100  Iba.  of  vaifiht,  furaiahad  aithar  by  ood 
livar  oil  or  irradiatad  yaajit,  approxiaiataa  tha  ainiaun  ra^iiraaoxt  of  oalYwa 
up  to  aairan  aon^a  of  aga. 
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Tim  Turiatlons  In  th«  above  roportt  may  b«  du*  to  differ«it  sourcat  of  th« 
vitMftinf  that  l8«  th«  unltag*  d«t»ittin*d  liy  rata  may  not  glTs  an  index  to  tha 
potanoy  for  oattla. 

JPraotie&lly  nothing  is  known  of  the  roquironaata  of  nalura  oattlot  Tfallla 
(178)  reported  that  6,000  U.S.F.  Qnits  of  Tltmin  D  par  ooir  par  d«y  laore  than 
lEiat  raquirnoata  for  a  period  of  S  aonths*  Olaon  (152),  in  an  «ct«nded  inTeati- 
£atlan,  haa  ahom  that  tmttatad  asouata  of  alfalfa  hay  aupportad  noraal  growth, 
reproduotion,  and  produotiosx  for  one  lactation* 

VitMoln  D  (HBi  ba  ttored  in  oonaidarable  quantitiea  in  tlia  bo^y  of  the  eenr 
(X74), 

yitamia  K.  Tary  littla  la  Icncnn  of  tha  TitaMisi  I  naada  of  runinanta. 
MiOaUvai  at  al  (107,  P.  547)  atata  that  the  "eUiaa  ttet  raproduetiTs  ability  !• 
improTad  in  hoaana,  oattle  and  avine  raaultinc  flron  faadinf  vbaat  c«m  oil  or 
othar  rich  aouroaa  of  the  Titaai&t  auggaat  th^  naad  tha  nutrient* "  Bay  and 
%g%-ltollar  of  Oanauurk  (8)  jvaaentad  oonvinoing  avldenoa  that  t^  injaction  of 
iriiaat  e»xn  oil  into  atarila  tnit  othanriaa  apparently  ttonaal  oowa  naa  at  laaa% 
partly  reaponaibla  for  aubaaquoat  raproduotion  in  48  of  70  eova  troatad.  These 
Kuthora  atatad  that  "aowa  kapt  axBlualtaly  on  aaadov  paatura  apparently  xxaadad 
M>ra  Titanin  8  than  coaa  on  o lover  pasture."  Sinaa  wheat  gam  oil  oontaina  sub- 
atanoaa  othar  than  Tltaadn  B*  hoanrvar*  it  oannot  ba  aaid  with  aaaoraaaa  that 
TitWilii  B  MM  reaponaibla  for  iaproTawawt  ia  raproduotion. 

The  Iowa  atation  (165)  fed  goata  for  4  caikeraticaia  on  a  ratlem  in  ahiah  tha 
Titavia  B  aaa  theufiht  iso   have  been  destroyed  by  treating  with  ethereal  IMlg. 
The  goata  on  the  ration  reproduoed  nomally  but  body  tiasuea  and  Bilk  ware  da* 
plated  of  the  vitanln.  Ifore  reoent  preliminary  work  with   aheap  on  a  aiailar  ra* 
ti<n  ahowad  that  tha  group  reoelTiag  wheat  gam  oil  auppleMant  had  batter  rapro* 
dueticn  than  tha  unaupplamanted  group,  ftiough  erldaaoe  waa  not  available  to  be 


ooQolutiTa,  but  izidiofttioiii  irar*  that  shavp  may  r«quir«  vitaain  5  or  acmi  othnat 
fftotor  praaant  in  vhaat  gam  oil. 

toparSaantal  work  haa  ahowx  that  the  addition  of  vhaat  gam  oil  to  an  ordi- 
nary dairy  ration  rsaultad  In  no  bmefioial  affaota  (98)« 

lytlMBr  Vitamin  flap  tor  ■«     Sararal  othar  faotora  bava  h9m  raportad  to  be  99'- 
aantial  for  propar  nutrition  of  laboratory  aniaala*  but  nothing  la  knoTKi  of 
thair  ralation  to  fara  anlaala.     TltaniA  K  haa  baaa  raportad  to  ba  naaaasary  for 
pvepar  blood  olotting  (107,  f*  58S)  and  la  likaly  naadad  by  tho  oov.     Ita  ayn- 
thaaia  having  baan  dononatratad  in  tha  intaatlnaa  of  tha  ohiokan  and  by  baet«r> 
lal  action  on  faada  (]07«  P.  U8)  wold  iadiaata  that  ita  dafloi«ioy  in  eaUla 
nould  ba  rara* 

Ikotora  Lx  and  L^  haTa  baan  raportad  to  ba  naeaaaary  to  aupport  laotatiatBi 
la  tha  rat  (107,  F.  016)  and  i«ara  abaant  tram  a  ration  that  gave  nonoal  grovtil 
and  raproduotlon.     Laetatlon  oould  ba  praetioally  i^roTontad  by  withholding  tha 
faatora.    TJpim  Idui  additloai  of  livar  and  yaaat  »ilk  flow  ratamad  to  nomal. 
Tha  flaetora  hava  not  baan  obsarved  with  othar  aniaalB. 

Tha  "graaa  Juioa  faotor"  of  Viseonsin  (107,  P.  684-528),  praaflnt  in  groir- 
te(  fTMa  and  in  ailaga,  indueaa  ineraaMd  e^nmth  in  laboratary  aniaala*  but 
nothing  ia  knova  of  its  valua  to  oattla. 

fha  flithar  faotors  that  ha-va  ba«i  raportad  ara  too  rflsiotsly  connaetMl  with 
VfBkinant  nutritiodEi,  or  too  llttla  is  known  of  thair  iaportanoa  to  ^uatixy  thair 
diaovuiaion  hara. 

Tha  Blood  Piotura 

Tha  blood  piotura  as  datMnainad  by  preaant  taohniquaa  may  or  may  not  giva 
an  iadax  to  tha  phyaiologiaal  oondition  and  tha  atata  of  nutritiim  of  an  an!a»l» 
Cartain  oonditiona  Moh  as  rlelc»ts,  phoaphorus  defloionoy,  ato*«  zaay  oauaa 
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dUKTiAit*  oh«ae««  in  th*  o<»po«iti«a  of  tht  blood«  iihlXa  In  suny  JA«t«tio«a,  aa 
■aiBtti  BMy  b«  in  poor  hMath«  mxftoring  trm  ft  d«fiol«xey  of  on»  or  aoro  xuitrl- 
entc  and  •till  Btaintftla  a  nomal  blood  pioturo,     Ch«iloal  vutXyia  of  tho  blood 
of  oxparliaoital  aniOAls  ato  ooooaxly  sMtdo.     Ibr  this  roftson  nozsal  vmluoc  Ibr 
oortaln  of  tho  eoaatltumti  kto  git«a  la  tho  ftooompanyiag  tablo.     la  gmorftl  th« 
Vftluoi  ftpply  to  bo«i  oow  md  eal-ras.    TSfh»r«  dlffor«u»««  ooour  thoy  aro  iu»t«d  ia 
th«  folXoviitf  dlMustitm. 

7!»  al&oral  ooa«titu«at«  of  o«lf  blood  do  not  dlffor  nfttorUlly  fron  thoM 
of  oow  blood  with  th»  wsoooptioa  of  pho«phoru«.     I'ho«phoru«  in  th«  blood  of 
ywmt;  oftlTot  it  sonMlly  about  8  ng.  por  lOO  oo,  of  tona  CD  (134)  (170)  and 
inoroaaos  for  a  f«w  aontba  up  to  as  high  aa  10  ag,  par  100  oo.  of  aanm  (114) 
la  wmm  oaaa«.     It  th«tt  gmAially  daeraaaas  until  maturity  (»l)  (U4)  (l»4)  {nol 

Blood  aaffftaaitn  (5S)  gradually  iaoraa«aa  wilh  ago  from  about  2*4  Mg.  to  8.6 
as«  por  loo  oo.  of  aanss*    MagnMivn  alao  variaa  with  tho  aaaaMx  of  tha  yaar, 
raagiac  tna  2.26  ag.  la  aarly  aprizig  to  8.66  b£.  ia  lata  viator. 

Tha  hMoglobia  of  blood  wurlaa  oonaidarably  bataotti  indiridual  aaia»la.     It 
ia  mrkadly  affaotad  by  tdva  intaka  of  cobalt  (189).  and  of  iron  md  eoppar  (9«), 
kaiag  low  during  proloagad  parioda  of  Inauffloiattt  iatafca.     Iha  protaln  of  tha 
dlat  of  the  dog  haa  alao  ba«  ahom  to  affaot  haanglobia  formation  (157).    Lmr 
protala  diata  raaultad  in  iaiaropar  ragaaaration  of  hanoglobin. 

tha  oarotana  oontant  of  blood  of  oowa  dopoada  in  part  upon  tha  oarotaaa  ia- 
taka  in  tha  faad,     Vaiuaa  aa  high  aa  24.3  alorograaa  par  cubio  omtisatar  of 
blood  hava  ba«i  reportad  for  ooaa  on  paatura  (121),  aharaaa  0.13  mlorograaa  par 
aublo  oaatlatatir  ••«••  to  ba  tha  oritloal  low  laval  (122)  (178). 

Sothing  ooaoaralag  tha  blood  phoapbataaa  of  aattla  haa  baan  publlahad  in 
thia  oowatry.     Iblay  of  aagland  (60)  haa  raportad  that  tha  aomal  blood  phoapha- 
taaa  of  tha  oow  waa  frwt  6  to  7  liag  and  Araatroag  unita  par  lOO  oo,  of  blood. 


ta 

^•ry  littl0  variation  ma*  not«d  In  a  nonaal  oc».     Low  phosphorus  and  oaloiim 
l«v»l«D  hovrrrer,  war*  aottMfaniad  by  a  rlaa  to  9,3  King  toad  Arsstron^  unit*  par 
loo  oo.  of  b]«od.    MoOkilluA  (107,  F.  STO)  a^ta*  that  from  5  to  14  Bodanaky 
toltc  ia  nonaal  for  temMUi*     Qatwrnlaatloaa  at  this  atatSaa  on  oov*8  blood  hara 
varlad  f^raa  laaa  that  ma  to  atesat  10  Bodansky  units  vilh  no  apparaat  aisolfl* 
aanaa  attaoliad  to  tha  variatlona. 

Ifakaa  (S6)  glTtt  tha  fblloidag  nosval  value*  for  the  cellular  coastltuanta 
of  ox  blood  ( 

Ikbla  6.     Callular  oonatituenta  of  ox  blood. 


Bssx: 


Cousti.tu«ata 


total  Coll  VolMM,        90  to  40  par  eent 
feTthrooytea,  6»8S8,000  per  oo.  of  blood 

IBxlto  Corpuaolaa.  7«900  par  eo.  of  blood 


l^nphooytaa  M% 

Hwoaytaa  V^ 

laatrophilea  21^ 

Staiooiihilaa  f^ 

Baaophllaa  1% 


Qrlna  Analyaia 

Although  BBioh  haa  baan  publiahad  on  the  urina  analgia  of  t^  faatlng  atew, 
no  ^ttanalTa  atudy  of  tha  eanatitaanlM  of  nonaal  uriaa  oould  ba  Ibund.  Tha  ax- 
bauatiw  work  of  Bnadiet  and  Bltsaan  (19)  and  of  Oarpantar  (22)  ahova  that  tha 
urina  of  fkatln^  ate«ra  «m  aarkadly  diffarant  fx««i  tha  urlaa  of  tha  aama  ataars 
«t  tha  onaat  of  faatlnc*  Urlaa  froai  lndlTi<f^l  oova*  hovafmar*  varlea  ao  widely 
(19)  (95)  (101)  (140)  (179)  that  little  eaa  ba  aaid  about  what  oonatitutea  nor^ 
«al  urlaa. 

fha  raaatloB  of  aear'a  urina  la  usually  allghtly  alkaline  (28)  (53)  (96) 
(101).    Cowa  on  ov«r*rlpe  hay  have  been  ahown  to  have  neutral  to  allghtly  aold 


uria«  (179) «  iihll«  wimtkt  rtizwr  pos8««ses  th«  pMuUftr  property  of  omuiing  a 
diatiaotly  Mid  uriM  (74)  (179). 

7b»  total  nltrogon  eontont  of  uriixa  •Mmt  to  dopcoid  alssost  ontlrely  on  th« 
Mount  of  protolA  lagoatod  (95)  (179).     tim  nltrogfln  parti tioas  alto  -vary  but 
aotililac  oould  bo  fotmd  roportod  that  givoa  aay  oluo  as  to  tho  oau«o« 

Tho  toluM  of  urlso  Toldod  has  be<m  tbovn  to  Yary  sonwlly  froa  12  to  GO 
lltora  por  day  A»r  tho  oaBo  oov  (96),     Tho  toIum  of  urSao  output  !•  influmeod 
nore  by  protoin  Intako  than  by  aator  Intake  (95)  (101).     Tho  output  of  ohlorldoa 
in  tho  urine  has  bo«a,  reported  to  rary  fron  100.8  0t.  to  1S4«5  0a«  per  day  (96)» 
A  Mi^  grain  ration  «a«  reported  in  one  oaee  to  be  aeaoolated  with  a  narked  in- 
oreaae  In  loae  of  phoephorut  in  urino,  apparently  due  to  aoidoeli. 

Tho  following  table  is  given  to  shoer  the  differ«aoe  in  the  nitrogen  parti- 
tlona  resulting  from  feediag  teo  ordinary  rations  (101). 


Sbble  7.    Hltrogen  output  froK  different  rations. 


tfait 

Batloo  A 

Ration  B 

Ifolntae  of  Urine 

oe« 

6.079 

10.480 

1  per  100  oo.  of  Urine 

graas 

.6188 

1.528 

Tbtal  I 

graaui 

00.42 

96.88 

WV 

«»«• 

2.48 

9.80 

Ureal 

grssis 

6.08 

Hlppurlo  Aeld  I 

grssM 

10,4f 

14*87 

Undetemlned  1 

gnou 

16«07 

33.99 

of  KoTleir  of  Llteztiture 


A  surroor  of  the  literature  has  revMaed  that  Uttle  inforaatlan  is  available 


oono«mlns  th«  mitrltive  valu*  or  th»  aorgtasi  plant.  Tha  fovdtog  trials  rt* 
ported  havt  •xtcidau  oT«r  i^jrt  periods  of  tlma  or  in  oonjvmotioa  with  othM" 
faoda.  LJltar&turo  ha«  b««a  olt*d  iadioating  that  xsidor  sooh  oonditlcma  tor* 
ffium  grain  is  of  slightly  loss  foodijac  value  than  oom,  Sorghun  ailaga  ia  aboat 
•qual  to  com  otoTsr  ailaeo*  From  80  to  30  par  o«at  of  tha  grain  of  aorglmi 
ailago  haa  ba«B  raoovarad  fraa  tha  faoaa  by  v&ahlng. 

Sha  irork  roportad  by  Bart  at  al  eonoaming  rations  darlTod  froai  tha  oat, 
vhaat«  or  oom  plant  indioatas  that  a  raa1»'lotad  ration  ia  not  aaoaaaarlly  an 
infarlor  ooa.    A  ration  oonaisting  only  of  tha  oom  plant  gara  fair  reauXta« 

Cm  faading  of  rations  low  in  protain  ocoitMXt  haa  rosultad  in  thin  flaah- 
tng  of  tha  oom.     fUrtlwr  thma.  thia  tha  roaotiooa  of  tha  oattla  have  Turiad  ao« 
eordiag  t»  different  authora. 

Iha  r«^ir«i«it8  and  dafioienoy  a^ptona  of  iprotein*  total  digaatibla  nu^ 
trionta*  fat,  ainarale  and  tltaaina  have  bean  rarlaawd.  Certain  of  tha  nonaal 
oonatltKMnts  of  blood  and  urine  are  also  givaa* 


PB0CBD05B 


SixtMn  oom  of  ftivraca  prodaelng  ability  w«r«  MlMt^d  fron  Htm  Coll«g« 
hard  for  this  ioY««ti£fttlan«     All  MEtiauBil*  imA  o<a&plot«d  at  l««st  on«  laotation 
rooord  pmrioua  to  bsiivg  plao«d  on  ittit  •xporlKont*     ?!our  ootni  wars  plAO«d  oa 
th«  ;aroJ90t  on  D«K>«ab«r  28,  1988  •     Oth«r  aniaala  wmn  addfld  m  thoy  bwxuMi 
ftvallabl*. 

Ir««d  dlctributlaa  and  othar  infoxnation  ragarding  oowi  plaoad  In  aaoh  lot 
ara  aiicnm  in  l^bla  9» 

tabla  8.     Arransonant  Into  lota*  antry  on  axparlnant,  md  freahanlng  dataa  of 
oo«a  on  projaot* 


Cov 


Laotationa 

Frarioualy    Data  pla«ad 


fifahaaing  Dataa 


lat  LaotatiflBi      Snd  lActation 
araa4        Coaplated      on  axparlra«it    gp  a^gpriaant      on  aacpariiawxt 


tot  I 

Xaaaa,  874  Jaraiy 
iModa,  126  Bolatain 
BaXativlJi 
flilatam 
Batal,  176  Ayrahira 
Caprioa,  ^2    Ayrahira 

tot  I 


fiaffodll,  492  Qamrtut^ 
jLaura,  273  Ayrahira 
Jfm;  UM  Holataln 
WtM  aolatain 

Zd»l«  141         Ifolatain 

tot  8 


iaila«  888  Ayrahira 

faapaat,  881  Jaraay 

141  Holatain 

Hallia,  189  Holatain 

Lily,  48S  9a»rxiMmy 


i 
8 
i 

i 

2 
1 


2 

1 
8 
8 

2 


4 
8 
8 
2 

8 


12-24-38 

12-24-88 

12.22-38 

8-27-39 

9-22-39 

10-8-39 


U-22.i^ 
18-24-88 

1-17-W 

8-7-39 

9-14-39 


12^2*38 
1-17-81 
3-9-39 
7-18-89 

9-29-39 


8-12-39 

1-26-39 

U-5-» 

7.18-89 

ll-lB-38 

11-8«|» 


11-8-88 

l-8&<-S9 

8-8-89 

7-22-89 

10-9-89 


12-6-88 
S-16«|l 
8-1-89 

6-27-89 
12-4-89 


2.5hI0 

2-10-40 

12-26-39 


11-18-89 

1-26-40 

3-4-40 

7-3-40 


8-11-40 

4-6-40 

4-26-40 


m 

Soiuro**  of 


All  Atlaa  aorgo  tilAge  U8«<i  in  this  favdiag  trial  wui  produMd  on  th«  Ool* 
l«g«  dairy  f«m«     A  porti(m  of  ths  AtlM  stoTer  and  Atlas  grain  cane  froc  th« 
WNM  aouroa  aa  tha  ailaga.     It  was  nooaaaary  to  pureima*  tha  alfalAn  Iwy  and 
tba  rawaLnrtar  of  Atlaa  atorar  and  Atlaa  £;ral&  fraa  naaurtgr  fan»ra.     Alfalflft  hay 
rnmut  tfWL  aa'varal  dim^arant  lots  and  avara^ad  about  U.  8,  Ho.  t  i^mda  on  color 
a2\d  l4NifijQaaa.    Whaat  \irm,  tmlt  and  atawMd  Imm  Mai  vara  purohaaad  fraa 
looal  food  daalara* 

tinea  Uaroh  li,  1940,  lodlaad  aalt  haa  raplaoad  tha  atock  aalt  in  £;rain 
miaaa  of  Lota  S  «ad  9*     fha  atabilitad  praparation  of  KI  for  praparlng  tha  lo- 
dlMd  aalt  «u  fumlahad  )jy  Marok  and  Coapany. 


lations  Uaad 
Sha  rations  of  tha  tiar%9  groupa  wtra  aada  up  of  ti»  fbilowlag  ingradiantat 

Lot  1.     Choppad  Atlaa  atorar 
Atlaa  ailaga 
drain  mix  aada  up  of 

200  parta  ground  Atlaa  grain 
1  part  atook  salt 
Hook  aalt  and  nator 

Lot  S.     Choppad  Atlas  atoTar 
Atlaa  ailaga 
Qttdn  mix  aada  uy  oi 

180  parta  grooBd  Atlas  grain 
IjOO  parta  eottonaaod  m—X 
fli  parta  ataaaod  bcma  staal 
Hook  salt  and  vator 

Lot  S«     Choppad  alfalfa  hsgr 
Atlaa  allaga 
OraiA  Mix  s*da  up  of 

400  parta  grwind  Atlaa  grala 
SOO  parta  irfiaat  Inran 
90  parts  oottonaaad  maaX 
tk  parts  ataenad  bona  maal 
9B[  parta  stocL-  iMilt 
Block  aalt  and  watar 


thm  oom  ««r«  f«d  in  IndlTldual  ]aaa£«r8.  All  f««da  venr*  '■•IglMd  In  at 
•Mh  f««41n£  and  «»l£bt«  r«oord«d*  Joy  r«fU(M  «m  «tlgh«d  baok  md  r«eord«d« 
Sm  oow  wtre  fvd  tarlee  dally  and  «wr«  glvan  anpXe  tio*  to  ole«a  up  the  rougb)-> 
af».  fh»  grain  mia  fad  on  tba  ailasa*  After  tha  grain  and  ailaga  ymem  elaanad 
up  or  tha  rafUaa  waighad  1>aok«  f»ddar  and  alfalfa  hay  vara  fad. 

Atlaa  ailaga  aaa  fad  to  all  aniaala  at  the  rata  of  2  Xba*  par  100  Iba*  of 
body  waleht.  Atlaa  atovar  and  alfalfa  vara  fad  ad  libitm.  Hera  atovar  and 
hay  vara  fad  than  tho  oova  aould  olaan  up  and  any  rafuaa  faad  aaa  aaighad  baok. 
froei  Dttoanbar  of  1958  to  Saptatabar  of  1999,  grain  aaa  fad  to  Hblatalna  and 
Ayrahir aa  at  tha  rata  of  1  lb*  of  grain  to  4  Iba.  of  aiUc)  or  to  Ouamaayt  and 
Jmrt^y  at  tha  rata  of  1  lb.  of  grain  to  9  lba»  of  ailic.  Iha  anuniat  of  grain 
fM  to  aaoh  oow  aaa  adjuatad  at  tao  or  thraa^aonth  intanrala  during  thia  tiwi. 
Sinoa  flaptanbar  of  1989  tho  nutriant  Intaka  fron  roagjtac*  ^^^  ^^"^  oaloulatad 
for  aaoh  eov  at  10-day  intarrala  and  anough  grain  nix  auppllad  to  raaat  tha  aini- 
am  raquiranant  lor  total  digaatlbla  nutrianta  aa  auggaatad  by  }£orriaon  (124}« 
&  no  oaaa*  hovarar,  btm  tha  grain  baan  raduoad  to  laaa  than  ana  pound  daily 
ahlla  a  oow  aaa  milking.  Fbr  tao  raontOia  prior  to  a3q>aetad  oalTlng,  libaral 
qttantitiaa  of  grain  want  fad  in  an  attanpt  to  inoraaaa  body  aaight  in  ]^rasar»* 
tloB  for  t^a  following  lactation.  Grain  waa  withheld  during  any  dry  period 
praeadiag  tiila  tao-nonth  interval «  end  for  a  day  or  ao  at  tioM  of  fraahaning. 

Oanaral  U«nac«a«at 

The  oowa  ware  houaad  in  tha  axpariaiantal  dairy  bam  aaparata  fron  tha  «^<« 
btalldlagf  and  ware  kapb  indoors  in  stanohlcma  during  unfavorable  weather.  Tha 
•niaala  ware  turned  into  a  bare  axaroiae  lot  for  at  least  two  houra  daily  whaa 


th«  WMthttr  p«naltt«d«  Sine*  Jtaxatay  of  1940  the  oows  in  lot  I  hav*  bMB  mxB- 
cX«d  b«for«  being  turned  into  th«  oxorelM  lot,  to  prvrait  drlnklnc  9t  urino 
and  ofttini;  of  for«l£ii  Btfttorlal  whila  is  tho  lot.  Alao,  food  laancerc  iraro  llnod 
with  boATdo  in  J«mx«ry  1940  to  ptwmxt  Xioking  of  eonoreto.  Wood  tfuiYingt  hwr« 
boon  u««d  for  beddiag  clnoo  the  boginnlng  of  tho  oxporinont*  liinor  doviAtiotui 
fron  tho  aboTo  proooduros  wore  laado  for  oovs  that  wtro  loolatod  for  short  p«r- 
lodi  of  tlm>  Fending  Bang's  toot  resulta* 

She  eo«e  have  been  Milked  twiee  daily  and  all  milk  veighta  roeorded*  All 
eew  wnre  dried  off  teo  months  prior  to  escpeoted  ealvingt  or  if  one  failed  to 
lactate  that  long,  until  milk  produotioa  «as  reduoed  to  one  pound  daily. 

All  aniinals  were  weighed  two  days  in  suooession  at  monthly  interrale*  If 
any  anlJBal  varied  wore  ttiaa  15  lbs.  between  tiie  t«o  days'  weights,  the  eew  was 
weighed  on  the  third  day.  Body  wwight  was  determlaed  by  afwraging  the  weights 
for  teo  days. 

Any  eninale  with  signs  of  illness  were  treated  ly  a  Toterinarien  from,  the 
oollege  if  thoiight  advisable*  All  anlaals  that  died,  or  were  slaughtered,  were 
posted  and  speoixssns  of  Tarious  glands  preserved  for  histologieal  stu^.  Cer» 
tain  bones  from  posted  niaals  have  also  been  kept  and  observed  tor  abnorswl- 
ities.  Breaking  str^ig^  has  been  detenained  on  bones  tnxt  two  mature  eows 
that  died  or  were  removed  fron  the  ejqperlmeat. 

She  atttndants  made  iwtes  daily  of  treatnsnt  of  animals  and  other  pertin- 
ant  itena. 

(Hienieal  Aoalyses  of  Blood 

<8Maioal  detezminations  of  blood  oonstituents  have  been  made  as  indloated 
in  Sable  19.  Prooedures  for  determinations  were  taken  fron  the  fbllowing  au- 
thors! 


Cojcuitltuyit  Authwr 

SBtal  e«loitaii  Itas  (175) 

laorgaalo  pboaphorua  Flale*  and  Subftrov  (46) 

MhffUMlum  Haadc  and  B»re«iai  (79) 

Hawglobln  8h«k  ct  al  (lU) 

OiuN>t«n«7  P«t*r*aa  (144) 

RwtphataM  Bodansky  (20) 

fiif fvrantlal  blood  ooU  eovnts  mro  nad*  at  sKm^ly  intanraXa  until  Marah 

of  1940«    Xo  ateoraal  o«ll  oou&ta  ««ra  notadj^  and  this  work  will  not  ba  roport- 


l>ti#d  JHOymNi 

0«ap»«lt«  aamplaa  of  faad  hava  b««n  aulntittad  for  aEtalyaaa  aa  ahom  iA 
Tablaa  SO  to  2S*    Wl^  the  axoaptim  of  oarotcoa*  all  faod  anftlyaaa  vara  mad* 
aaoordlng  to  A.  0.  A.  C.  wittiods  (168).     Ciurotatia  datamlnationa  wore  raada  bgr 
the  prooedure  publiahed  Iby  Peteraoa  (144).     The  oonpoaito  aaDplas  were  prepared 
by  takizii;  stated  anounta  of  feed  fron  eaoh  batoh  or  ftt  regular  intenmla,  and 
alloirlzig  tii«i  to  aeounulate  for  three  or  aore  iiontha*    The  MMidea  catnitted 
for  aaalyeea  lanre  taken  fron  th»a9  ooapoaitaa. 

Implta  'Were  outadtted  at  oonthly  Istenula  f^r  oarotene  and  noiature  de- 
%eiiBiaAtioins«    Mutriimt  latakea  have  been  oaloulAted  by  taking  the  values  re- 
ported for  the  eoMpoaite  aaa^les  and  oorreeting  for  variatlona  in  moiatore  eoa- 
teat  aa  aho«i  by  aonthly  aaalyeee. 

Urine  Joalyaes 

twm^totir-hoar  uriae  eanplea  ware  oolleoted  from  individual  eowa  on  Jmx- 
MOy  ii*  UNO  for  analysea.     Thia  noxic  was  lyelimlnary  in  nature  and  will  not 
be  reported. 


*  Freoedure  modified  ainoe  publioatiiNDi,     Blood  aeruH  aaponified  in  aqueous  KOH, 
extraoted  with  yettroleiai  •Himr,  washed,  dried,  and  naounts  detemined  with 
photo-eleotrie  ealorineter. 
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lo  ehaaieia  •nalytv*  of  fsoM  hATe  bseoi  made,     HowtTsr,  r«e«8  frcn  two 
oom  in  MOh  gK>up  ii9r«  eoll«ot«d  At  too  dliT«r«at  tlBuia  cmr  «  p«riod  of  tlir«« 
daya  vMh  and  th«  grain  in  th«  f«o«i  daton&i&ad  by  repeated  mixing  witb  water 
in  a  deep  barrel,  allowing  the  grain  to  settle  out  and  deeantini;  off  the  liqmiA 
eontaining  forei^a  material,     the  grain  wae  ttava  dried  end  weighed. 

USBLtS 

The  Mvulte  reported  in  thia  theeie  oorer  idie  period  of  tlae  fron  Oeeenber 
SS*  1996  tiurouCh  May  8I4  1940.  Ihe  reproduotlon  history  ia  extended  throttgh 
July  15«  1940*  to  inolode  ealfws  that  are  of  interest  to  tbe  prejeet. 

Sue  to  the  fiaot  that  the  CKperiaent  ia  atill  in  progroaa  and  nueh  of  tbm 
data  will  be  rewnnarised  at  a  later  date,  detailed  data  c8i  feed  oonaunptioa  is 
«ad.tted.  Xntakea  of  oaleitaa*  magneaium,  and  earotene  are  also  cadtted  to 
alapliiy  tablea*  In  all  oaaea  ealoluB  and  aagneaiuB  intalcea  were  in  exoeas  of 
requiraDsnta  aa  givn  by  Kitohell  (119)*  IXiring  April  and  May  of  1940  oarotene 
intake  waa  alightly  leaa  than  the  requirMaonta  aa  glTcn  by  the  United  Statea 
Bureau  of  Dairy  Induatry  (109)  to  be  neoeaaary  ibr  noraal  reproduetion.  I^e- 
▼icwa  to  April  1940  oarotene  intalcea  were  in  exaeaa  of  thia  macMRt  and  have  at 
all  tinea  bean  in  exoeaa  of  the  requiraaenta  aa  giTan  by  Oailbert  (64)  to  be 
neoeaaary  to  prevent  night  blindneaa. 

Ibt  aare  iaportant  results  of  this  eaqperiaent  are  shoan  graphioally  la  Fig- 
ures 1  to  16,  inoluaive. 

Ptsd  Oonsuaption  and  Xutrient  Intake 

Wii^  title  exoeption  of  Petal,  No.  875,  in  Lot  1,  no  difficulty  waa  eaqperi-' 


«ao«d  in  getting  th«  can  to  oonauB»  enough  fa«d  to  3a»«t  tho  mlniauH  n^lr** 
»«ata  A»r  total  dig*ctlbl«  nutrl«nt«  as  •uggested  ty  Horrlaon  (124).  Intalraa 
•ad  r«qulr«n«at«  for  total  dlgoatlblo  nutrl«cit«,  digoatiblo  protoia  and  phos- 
phorua  are  •hoim  In  Plgurea  1  to  16«  inolualva.  Ihaao  data  imv*  boon  auaaar- 
iaad  for  oowa  tiiat  hava  ooMplartad  laotation  raoorda  on  tha  projaot  and  ara 
ahowi  in  Tabla  8*  A  atudy  of  tha  data  ahom  that  in  Lot  1  tha  Intakaa  of  dl- 
caatible  protain  and  phoapterua  hava  baaa  laaa  tdian  tha  ra(iulr«aanta  aa  girm 
^  Itorriaon  (124)  and  Hitohall  (119)*  reapaetlTaly. 

Oapravod  Appatlta 

Sapravad  appatlta  haa  baan  notad  in  aniaala  of  Lota  1  and  2  at  nora  or 
fraqu«at  Intanrala  avar  ainoa  Saptoabar  1989  hAmsi  thia  oonditlon  aaa  firat  ob- 
aanrad.  Tha  affaatad  aniaala  hara  ahota&  a  daaira  to  llok  othar  oattla*  la  a«aM 
oaaaa  to  tha  axtant  of  aatually  ^uwlng  tha  hair*  Thagr  ^K*r0  alao  obaanrad  aat- 
Sag  dirt,  lloking  MHigara  and  drinking  urina.  Ai  urlna  vaa  baing  voidad,  ani- 
WBlff  in  Lota  1  and  8  «mld  satSiar  around  and  lap  up  tha  urina  fron  hoof  aarka 
in  tha  ground,  inothar  aig;B  of  abaonial  appatita  «aa  tha  largar  aaounta  of 
•alt  aonataaptiai  by  eo«a  in  Lota  1  and  t.  Oasramad  appatita  haa  baan  awra  aa- 
mara  in  Lot  1  than  in  Lot  2. 

Milk  Produoticn 

Laotation  eurraa  for  oowa  ahila  on  axpariaunt  ara  ooetparad  with  prerloua 
laotationa  in  Figuraa  1  to  16«  incluaiva.  ▲  atudy  of  thaaa  grapha  ahcnm  aarkad 
group  diffaraneaa  in  aawunt  of  milk  prodiMad  and  in  paraiatviey  of  laotation, 
vhioh  ehangaa  ara  avan  g»ra  avldant  in  tha  oaaa  of  thoaa  o<nra  which  hava  antarad 
thair  aaoond  lactation  pariod  ainoa  baiag  plaoad  on  axparlfflant* 

Milk  produoticun  and  paraiataoMy  hava  daoraaaad  in  Lot  2,  alao,  but  to  a 
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IkbU  9.     aammry  of  daily  nutrioat  intake*  aod  r«<iuir«B«it«  of  com  that  hav« 
co]apl«t«d  Xaotatiazui  on  projoct.® 

»•••        '•■'■■> '■■"!■■         '.■■■■■■'"!!■    .,!"!!iL.!   ■■..■■!1   l.l.'l..!."L'!.'.»..    ■■■ -  i. ,,  i —.,,    i    ,i    n    ■,,„..„,     i  „  ^ 

Laotation  B»riod  Dry  F»riod  Calvijag  Intenral 

Oom  b.K  T.D.K.  Ca        F        D.P.   T.D.S.      D.P.    T.D.K    Ca        F" 


.61  10.1       .73  11,0  26,0  14,0 

80  195        72  109  806  86 

.68  9«76    ,7t  9,S  17.1  18.8 

148  181       90  IIB  169  108 

I  44              lataka          1.07    18,4    28.4    18,9       .97  18,6    1.04  1S«4  28.6  18.8 

%  Of  nrq.         79       106       162        90       147  175        88  117  197  94 


B« 

Intake 
%  Of  raq. 

.76 
78 

11,2 
107 

22.2 
194 

14,5 
87 

Xmum« 

874 

Ihtafca 
%  of  roq. 

,74 
74 

9,0 

97 

16,8 
128 

IS.S 
66 

Zntaka  1«09     12.3     26.8    19,2       ,79     U,9       .98     12,8     27.6    17.7 

IM  %ot  r0q,        78        94      141        76      117      168        82      108      191        87 


* 


I«t  1  AToraga 

lataka  .98  11,7  24.8  18.5  .74  11,8  .87  11.6  24.8  16.0 

%  of  rn<  76  101  168  65  128  161  88  133  191  94 

Daffodil,  X&taka  1,88  15.0  60.8  40.7  1.82  14,8  1.86  14,8  49.8  41,0 

498    %  of  rmq,,  188  116  866  190  264  179  148  184  198  808 

Jm;            Intake  8,01  16,9  66,9  43,8  1.87  14.8  1.94  16.6  54.4  48.7 

U8    ^  of  req.  118  106  881  168  176  ISl  123  110  2«>  17X 

141      Intake  1.68  18,8  48,8  88.1 

%  of  req.  96  99  202  148 

Laura,     Intake  1,68  12.9  48.6  85.7  1,27  11,8  1.53  12.6  48.0  88,7 

878    %o£  req.  116  98  824  162  190  151  180  110  868  180 

Lot  2  ATtrage 

Intake  1.79  15.1  49,8  59.7  1.49  18.5  1.77  14.5  48.7  89.1 

%  of  rwi.  1X7  105  881  145  210  162  184  US  889  186 

finpeet.   Intake  8.00  12,9  71,1  42.8  2.16  18.8  2.08  18,0  72.6  48.0 

881    %  of  r^ti,  153  96  332  186  848  180  144  101  368  198 

Xilla.    Intake  8,68  16.4  99,8  48,1  8.22  18,5  2.4B  10,0  97.5  48.2 

285    %  ef  req.  161  112  448  200  300  166  169  116  480  809 

8  41      Intake  3.18  18.5  188.7  51,5  3.08  17.3  8.11  18.4  U3.0  51,4 

%  of  req.  168  108  477  178  887  190  176  114  686  186 

Lot  8  Average 

intake  8,66  16,0  301.8  47,8  2,47  14,7  2,64  18,8  lOl.l  47.8 

%  of  req.  164  105  419  166  846  175  168  110  456  198 


8  Intake  of  digestible  protein  and  total  dlgaatible  nutrianta  given  in  poundet 
Ca  and  P  la  grana. 


1«M  BATkod  d«sr«tt  than  in  Lot  1.    Coin  in  Lot  S  hw  preduo«d  noraaXly* 

Laotatioa  rooorda  of  eo«i»  both  prvvioua  to,  and  vhllo  on,  tho  oiqporiaMnt, 
«ro  ^o«i  lA  Tablo  16.     Ihese  data  are  suasAritod  ty  groups  in  3abl««  10  and  17. 
Butrioata  roquirod  per  pound  o£  Bilk  prochMMd  vhilo  on  oxporlMBxt  ar«  shorn  in 
Table  11. 

Ganoral  Shriftinoaa  and  Body  loigUk 

ffiiortly  tStmr  boing  plaeod  on  the  •xporiAaat«  eoira  in  Lots  1  and  S  bogm 
to  loao  body  ««i|^t  and  to  appear  unthriftyt  hovarer,  unthrifty  appearance  haa 
Wan  aore  exaggerated  in  the  fbmer.    Com  in  Let  8  ha:ve  r«aeined  thrifty*  S» 
Appeenukoe*     ftiotographa  of  rapreaentative  aniaala  near  tine  of  flOing  on  the 
experlnaat  and  again  <«  «7ttly  15,  1340  are  alumn  in  Figarea  17  to  19.     ttaaoiii- 
tioB  and  rough  ee«te  of  ootn  th*t  ha,Te  been  in  Lota  1  and  8  will  ba  noted. 

Iran  though  oons  in  Lota  1  and  8  have  appeared  unthrifty',  aevere  illneaa 
haa  not  bean  prev«l«it.    1fKtide»  Ho.  126,  in  lot  1,  ahoieed  algna  of  nervtma  dis- 
order in  the  rear  lege  daring  the  eaurly  part  of  1940.     She  had  diffioull^  in 
atending  and  \\mA  to  be  helped  in  order  to  get  on  her  feet  in  the  aomlngs.     She 
WW  givan  ao  ga.  of  pure  nioetinie  sold  and  the  eondition  eleared  up  within  a 
few  daya.     Coineident  with  the  giring  of  niootinio  eeid  there  eere  aareral  launa 
spring  days*     The  eause  of  her  oondltioai  or  its  diaappearanee  ia  not  known. 
During  aerere  oold  veaUter  in  Jaouary  and  Fabruary.  tiK>  other  ooet  in  Lot  1 
ahowed  soko  aiffaa  of  atifftieaa  and  aoraooeaa  of  the  linba,  but  not  of  a  aevaare 
nature* 

Iteds,  Bo.  126,  in  Lot  1,  died  during  the  early  part  of  JUly  1940  fSroai  ae-> 
Tare  peritonitis*  apparently  oauaed  l^  a  punoture  of  the  retiotdua  by  wire. 
•ereral  pieoea  of  wire  end  nails  were  taken  fron  tha  retioultn,  with  one  pleoe 
of  wire  extending  into  the  peritoneal  oarity*     Daffodil,  Bo.  492,  in  Lot  2,  de- 
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Sable  XO.     SuBBUucy  of  produotioa  pvrftonMao*  by  lots*     Codparivona  ba«64  on 
la«t  VMorda  prior  to  projoet. 


Lot  1  Lot  S  Lot  3 


loabor  of  oom  in  eoapariaott                           4                    4  g 

Aotoal  produotioa  -  A%  silk 

kr,  of  laat  rooords  prior  to  jyojoot  7,861  lb«.  8,626  l\m.  6,867  Iba. 

Ar.  of  firat  rooorda  on  projaot  5,876    "  6,418    "  8,098    " 

Difforanoo  -5,076  lbs.  -2,100  Iba.  +678  Iba. 

-49.4^  -ZA,9%  +»,1J( 

Mlltaro  oquiT.  CUas  0.4^  silk 

Ar.  of  Jmat  reoor<U  prior  to  projoot  6,256  Iba.  9,996  Iba*  7,712  Iba* 

Jtr*  of  firat  rooorda  on  projoot  4,028    ■  6,879     "  8,226 


N 


Difforaooo  -4,229  Iba.  -3.417  Iba.  4634  Iba, 

-61,2Jt  -34.2J«  *7,(i% 

F&r  oant  of  fiat  in  milk 

At.  of  laat  raoorda  prior  to  projaot  5,01^  4,1T;C  4«t7J( 

Ayr,  of  firat  rooorda  <m  projoot  8*78J<  4.189(  4m4tt% 

Difforaaoo  .,13jt  .,oijJ  f.lljC 

L«Bgth  of  laotaition  raoord 

At.  of  Uat  rwjorda  prior  to  projaot  809  daya  817  daya  312  day* 

At.  of  firat  raoorda  on  projaot  289  daya  298  daya  844  daya 

Difforaaoo  -80  daya  -84  daya  •f82  daya 

lunbor  of  daya  in  dry  porlod 

At.  of  laat  porlods  prior  to  projaot  88  daya  70  daya  92  daya 

AT.  of  firat  parioda  on  projoet  112  daya  64  daya  60  daya 

Difforoioa  411  4^,,  ,6  d&ya  -42  daya 

tlMM  brad  par  ooBooptlon 

Kaabor  of  oova  in  ocwpariaaift  C  8  8 

At,  for  laat  pragr^aneioa  prior  2.80  tiaaa  1.40  tiaoa  1.80  tlnaa 

Ay.  for  firat  prasnanoioa  on  projaot  1.40       •  1.00       "  1.20       " 

Diffaranoo  -i,80  tlMa  -.40  tiaoa  -.40  tlnaa 
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Tliblo  IB.     Rffiolofney  of  utilication  of  total  dlgsstlblo  xmtrlants  lay  o«Hi 
'that  hftT*  «(Mi]^«t«d  lactations  on  proJ«ot. 


IT 


Gov 


F»r  C«at 
4?C  of 

Hi  Ik      roquiro- 
stoat*  mot 


intako  per  11)7 
of  allk  produood 


intako 


proc 
In  4 


oaoott  of 
saint,  roq. 


Daily  Gain  3h 
Body  Woighti 


Ibo. 


lb«. 


Ibo. 


lb«. 


140 

Toaoo,  374 
Itenda,  128 
144 

9.2 

8,0 
12.2 
U.8 

109 
118 
108 
117 

1.20 

1.18 

1.08 

•99 

Lot  X  Avora^o 

10.7 

118 

1.10 

OaTfodll,  492 
Juno.  Ui 
lAura,  278 

14.6 
80.1 
12.8 

U4 
110 
HO 

1*01 
•88 

1.00 

Utt  2  Avorago 

18*8 

116 

•94 

foBPOot,  881 
miU.  288 
841 

20*2 
10  .0 
25.8 

101 
U8 
U4 

.64 
•84 

.78 

Lot  8  ATorago 

21.6 

110 

•78 

.40 
.49 
.86 


.51 
.89 
•89 

.48 


.91 
.42 
•88 

.87 


••88 
-.48 

-.61 
-.21 

-•40 


4.10 
4.10 
4.18 

4.18 


4.18 
4.81 
4.48 

4.88 


laeludoo  lactation  poriod  and  dry  poriod 


Tttlopad  tunnv  diunrtiMi  about  i  aoatlui  «ft«r  th»  beginning  of  hor  tooond  laota- 
tion  on  th«  «aqp«rlMBls.     8ho  did  xu>t  rotum  to  ftill  food  and  mu  roaoTod  fzvM 
tho  oxporiooixt  4  aontdu  lator  duo  to  a  poiltlTo  Bang*s  roaotlon. 

BilQf  «ilght  oturros  aro  ahott  la  Flgurea  1  to  16.     Cows  in  Lots  1  and  t 
hmno  boaono  Xlchfear  la  valgbt  with  tho  progroao  of  tho  oxporioMBt.     It  will  b» 
notod  that  oo«e  that  haTo  ooaplotod  laotatlcoia  galnod  anno  wolght  during  tha 
diy  porlod  Int  not  la  a&otmta  aufflolaat  to  oompaoaata  for  all  urolght  loot  dur- 
ing tho  laetation.    Coaa  In  Lot  2  aoro  noarly  ratunMHl  to  tiboir  fomor  volght, 
tut  thoy  boem  tho  aooond  lactation  llghtor  In  walght  than  tha  Initial  woight 
of  flrat  laotatlwa  on  tho  axporlB«xt*     tha  avaraga  daily  loos  of  body  wolgMt 
during  laetation  nd  gains  saula  during  tha  dry  porlod  aro  shown  in  labia  11. 

Btraadlag  and  Baporoduotion 

Yha  brooding  hlatory  of  tho  oows  is  prossntad  In  Tablo  18*     Theso  data  ara 
fwnarlaod  l^  proupa  in  Sablo  10.     A  study  of  tha  tablos  shows  that  braadln( 
diffloultlos  haTo  not  ooourrad  in  any  group »  with  tha  asnaptltti  of  two  aniaaXa 
that  wara  irragolar  prorlous  to  going  on  tho  aacporlaoat. 

OaltM  that  hava  basn  droppod  on  tha  aaqparlnant  havo,  tor  tha  nost  part, 
baan  nomal.     In  alsa,  gsnand  appoaranoo  and  thrift,  oalfoa  traa  Lot  1  iwcw 
ofoallad  or  oaoeoUad  oalTos  froe  Lot  8. 

Xafomation  rogarding  ealvos  bora  on  tho  aacparisMBt  Is  sho«i  in  Tabla  18. 
Sua  to  tho  foot  that  tha  oalvas  fjron  Lot  1  woro  nonaal.  It  la  doubtful  If  tha 
high  anrtallty  of  tho  oalToa  la  Lot  8  la  of  alffilfloaMa* 


it 


&U.9  13*     C&lY««  bom  on  •xp«rimmt  &ft«r  dans  had  oosplvtad  on* 
laotatlon  o&  exp^riaant. 


D»m 

Bra*d 

Sox 

?/«iSht 

Dat<»  Bum 

Rflnarki 

Lot  1 

Iba. 

TaM«,  S74 

J«rs«y 

F 

48 

2-6-40 

Hozwa 

«nda,  lU 

Bolsteln 

M 

100 

8-10-40 

fionwl 

WM 

SslatAin 

f 

11 

X2.26.S9 

BoroMtl 

^^,1 

Ikffodil,  48S 

(iuem«4i(jr 

M 

70 

11-18.89 

Botwd 

*m»,  113 

iiol8t«ia 

F 

64 

5-4-40 

Itoin,  bom  da«d,  10 
days  pr«natur« 

JtaM,  III 

BDlat«Sa 

11 

aa 

S-4-40 

Tvln,  bom  d«ftd«  10 
days  pr«witura 

LauTK*  S7S 

Ayrahlra 

M 

107 

1-26-4D 

Borm&l 

■it 

Bil«t«lB 

? 

80 

7-5-40 

f«l&,  dlad  at  birth 

Ml 

Bolatotn 

y 

40 

7-3-40 

Twin*  liTvd  oaa  day 

Lot  9 

T«iptt8t«  381 

Jaraay 

F 

68 

4-0-40 

Oiod  of  seoura, 
4-10-40 

miu.  III 

Ayrahlr* 

M 

71 

5-11-40 

Sonaal 

Blood  Piotur* 


Tht  r«ff3lt8  on  ohamioal  analyaia  of  blood  ara  abom  In  labia  19,  and 
gmphieally  ia  Fisurao  1  to  16. 

Tho  blood  plotura  for  tha  most  part  haa  ba«i  noraal.     Inorganlo  blood 
phoaphoraa  haa  baaci  lov  in  Lot  1  but  with  ft  f«fir  aasoaptioaa  hM  baan  vithiA  tha 
noraal  r«is**     Blood  oarot«ia  haa  fluotuatad  graatly  and  hmm  baan  ooaparabl* 
in  tha  thra*  lota.     Ilia  aTaraea  blood  o&rotaaa  fbr  ooav  <»x  irlntar  paatura  aa 
aho«Bi  in  Ttiblaa  I  to  16  «aa  takan  frosa  liBiitf»d  unpubllahad  data  and  ahould 
not  ba  n^mur^i.  naeaaaarily  aa  a  nomal  valua. 


Gbrain  aMWTBrvd  fron  P«o«i 

Onta  ooao*mizi£  tha  «BOu&t  of  grain  raeoTarsd  from  tdx«  f te**  of  two  eowi 
in  aaoh  group  are  ahcna  in  Ilabl*  14. 

Sftbl*  14.     Oraln  raeoTwred  froa  feo«a.     (Antrftg*  sf  8  oowv  froM 
MMh  group) 


Qroup 

Condition 
•f 

Grain 

Ofttoa  Tmtm 

Colleotwl 
1840 

Orain 
Xntaka 
Iba.  10 

Silaga 

Inttfca 

Iba. 

Orain  Baeoviarad 
Iba.    % 

Lot  1 

CoarM  ground 
flim  ground 

9«6  to  11 
9.80  to  25 

8.0 
8.0 

17,0 
18*9 

.78 
.87 

24.4 

18.8 

Lot  2 

CoarM  ground 
Flaa  ground 

8-6  to  11 
3-20  to  88 

4.6 
4.8 

80.0 
18.4 

.48 

.80 

10.4 
4.4 

Lot  8 

Coaraa  grouiid 
fin*  ground 

8*8  to  n 
8>B0  to  88 

10.0 
9.1 

81.0 
18*0 

.87 
•X7 

8.7 
U8 

Hord  Coat 

Coaroe  ground 
llao  ground 

8^  to  11 
8*80  to  28 

10.0 
8.8 



0.8 

oa 

i»0 
1.8 

^  Inoludea  ground  Atlaa  grain  ingaatad  from  grain  mix*     Ooaa  not  ia- 
oluda  Atlaa  grain  oonaonad  in  atovar  and  ailaga. 


SI800S9IW  or  Kuaun 

Iba  roaalta  obtainod  froB  thia  aacpariBant  to  data  point  out  thraa  ftustat 

1.    A  ration  aada  up  of  tha  Atlaa  aoriso  plant  ia  dafioiaat  in  oartain  nu- 
trianta  naadad  bgr  tha  dairy  eow. 

8.  Tha  addition  of  bona  aaal  and  eottonaaad  aiaaX,  ahila  avidantly  iaproT* 
ing  tha  ration  to  oohm  azt«at«  did  not  eorraot  all  thw  dafioiaaoiaa  of  tha  AOaa 
ration. 

8.     tha  addition  of  alfalfa  hay  and  ahaat  bran,  aa  wall  aa  eotton«Md  naal 
and  bona  xaaal,  ocmpoaad  a  ration  that  haa  gifan  0>od  raaulta  thus  far  in  tha 
axpariaant.     In  yiav  of  tha  faot  that  longar  parioda  of  dry  lot  faading  uaually 
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rsflolt  ia  a  grmchuil  dooliiui  of  thrift  and  produetioaij  it  eannot  b*  taid  that 
th«  Xatt«r  ration  is  ad*<2uat«  ixt  «rrBry  rospoot. 

lafaronoa  to  the  lit«rature  teM  not  gXrm  nueh  infOffBatioa  of  nduo  in  lo- 
torfcotiac;  tha  raaulta  of  this  •aqpariamt*    Cunnin^Mm  and  Addinstoa  (82)  and 
Copal«Bd  (87)  haw  raportod  ttoric  of  a  limilar  r.atura,  but  thair  raaulta  hara 
%tm  ImmnnTiialTa,  vith  the  aaaaption  of  Titanin  A  d«fiol«ioy  in  both  oaaaa. 
fte  low  blood  earotwia  valuaa  aaaooiatad  with  axtanaira  aorghum  faadln^,  as  has 
baaa  raportad  prairioualy  froa  tha  Kansaa  ataticox  (148),  and  tha  fraquant  low 
lavals  al»m  in  thia  ajcpariia««it  auggaat  that  Inauffioiant  oarotaoa  i&taka  may  haw 
anterad  into  tha  raaulta  fron  Lota  1  and  2.     Iha  usual  oonditiona  aaaooiatad 
vith  Titasia  A  dafioianay  that  haa  raaohad  tha  pathologioal  ataga  hava  not  baaa 
notad  during  thia  ojqparJbaent*     It  afaould  ba  bona  in  mind,  howsTar*  that  opti* 
aam  intaka,  and  intaka  dough  to  prarmt  olinioal  dafieianoy  sjfwytOMe  frem  ap- 
paariAg,  may  ba  widaly  dlffarant. 

Tha  aarly  work  of  Burt  and  aasoolataa  (73)  (74)  (78)  indiaataa  that  a  r*^ 
strietad  ration  is  not  naoassarily  an  inferior  oua  ainoa  tha  oom  plant  gars 
w^t  th«y  tamad  noraal  roaulta*     Judging  frooi  piotaraa  praaantad  in  tftiasa  pub- 
lioationa,  hoaarar,  tha  oom»fad  group  did  not  maintain  tha  bloon  and  finish 
vuiually  asaoaiatad  with  sows  an  good  paatura.     Anothor  point  ia  that  tha  aniaals 
uaad  In  tha  axyariBsnta  of  Hart  ware  raatriotad  to  tha  rationa  at  an  aarly  aga 
and  wara  wall  aoouatonad  to  tho  ration  bafora  raproduotion  and  lactation  oo* 
onrrad.     Obsartation  has  shsini  that  tha  diatary  habits  of  oattla  nay  antar  into 

results. 

tha  earlier  work  of  Hills  (82)  with  low  protein  rationa  gave  raaulta  siAi> 
lar  to  thia  expariaant*  On  tba  other  hand*  the  Venoont  station  naintainad  ooaa 
on  low  protein  rations  for  Isng  periods  of  tine  with  no  hantful  affaota*  Body 
weight  was  low*  howanrar*  the  reaponse  of  eows  in  Lot  2  indiaataa  that  additional 
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protelA  to  tb»  AtlM  ration  partly  allcriatad  goo*  of  tha  dafioi«ielas.  It  it 
oartaln  that  tha  low  protain  oont«iit  of  ioii;hama  eould  not  aupport  haavy  ailk 
produotion  without  protais  aupplanost, 

Tha  lov  blood  pboiphoroa  lavsla  of  oo«a  In  Lot  1,   and  tha  highar  larala  for 
oo«»  in  Lot  S  suggaat  that  photphorua  intako  in  Lot  1  hat  boan  ntar  tha  auhoptl- 
aal  laral  at  laaat.  Iha  bonaa  of  tha  two  com  that  hara  laft  tha  axpariaiaat, 
howvtr*  hata  thowi  no  grott  aridanoat  of  raatoTal  of  photpfaorut  frwi  tha  boaaa. 

Iha  data  thom  in  Sablat  11  and  It  indioata  poor  utiliaation  of  nutrianta 
by  eoat  in  Lota  1  and  8«  In  thia  ooonaotion  it  ia  intarattiag  to  nota  tha 
larit  Maoustt  of  grain  raooTtrad  tnm  ttia  faoat  of  thaaa  tao  lota  aa  ooaparad 
to  grain  raeovarad  froa  faeaa  of  Lot  S.  Thara  ia  a  poaaibilit^  that  for  aoiM 
raaton  tha  ao«a  in  Lota  1  and  2  aro  zu>t  preparly  difaating  thair  faad.  Digat* 
tion  triala  aould  tntwar  thia  quattion. 

In  tpita  of  tbm  ftat  that  frtn  praviout  obaarvatLona  tlia  raaulta  obtainad 
aottld  hava  baaa  pradietad  to  aoma  aoctant*  tha  infbrnatioaa  obtainad  froa  tha  in-> 
Ttatigatitm  Uma  far  ia  fundasMnt&l  and  ahould  ba  of  Tmlua  in  datanaining  tha 
dafioianeiaa  of  tha  Atlaa  aorgo  plant* 

fWiaT  ilfi  CCWLDSlClfl 

i.  Siictaan  dairy  oont  hava  baan  uaad  ia  a  l«ag«>tiaa  tacpariiunt  to  dator- 
alaa  tha  faading  valua  of  t^a  Atlaa  aorgo  plant,  md  if  poaaibla  ita  nutriant 
daf  ieianeiM . 

S.  Lot  1  vaa  fad  a  ration  aiada  up  axoluaiTaly  from  tha  Atlaa  aorgo  plant* 
thia  ration  raaultad  in  a  lowarad  plana  of  oilk  produation,  daoreaaad  paraitt- 
«Bioy  of  3Aotation«  anaaiation,  and  ftnaral  unthriftinaaa.  Baproduetiwi,  how- 
avtr*  hat  baan  noz«al« 

S.  Lot  2  waa  fad  tha  taaa  ration  aapplaoantad  with  ataanad  bona  aaal  «ad 


oot:toaM«d  mmal,  BMiults  wro  tlallar  to  thoas  in  Lot  I  but  to  a  1«m  naricad 
daigraa.  ISortality  of  etdvaa  bum  oa  tJMi  axpariiaaat,  oeinoid«Rit  with  tMo  a«ta 
ot  t«rlns«  hAa  baaa  higher  than  in  Lot  I. 

4.     lot  8  raoairtd  a  mtlon  nhieh  Szwludad  alfalfa  bay  and  irtiaat  bran  In 
addition  to  tha  in^radianta  of  tha  Lot  2  ration.     Ihia  group  liaa  produoad  nor- 
atall/«  smltttalnad  body  valght  and  ranaload  thrift/. 

8.    Whlla  on  tdva  i^ptrlMBt«  avaraea  adlk  prodaetlon  la  tliraa  lots  'vaa  48.8 
par  ooEit*  65*8  par  aant,  and  107  per  oont,  raspaotivaly,  of  tha  prarloua  yaar'o 
MMMft  pi»ABetlon. 

6.     Ot^ravad  appatita  of  oovs  haa  ooourrod  In  Lot  X*  and  to  a  laaaar  d«» 
4praa  In  Lot  8. 

7*     Tha  Atlaa  aorigo  plant  la  arldantly  dafleiant  in  oartaln  autrlanta 
naodad  by  tba  dairy  oow.     Thaa  far  tho  daflolanelaa  vara  apparantly  eorraoted 
by  auppl«i«atlns  th«  Itlaa  ration  trith  bono  maal^  oottooaaad  aaal,  vhaat  baran* 
and  alfalfla  hay* 
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AfPilOIZ 


Pig.   1,     Milk  production,  body  ireight,  nutrient  intake  and  requirement, 
and  blood  picture  of  Tease,  No.  374,  Lot  1.     Placed  on  experiment 
12-24-38  after  ocaapleting  fifth  lactation. 
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Fig.  2.  Milk  production,  body  weight,  nutrient  intake  and  requirament, 
and  blood  picture  of  Wanda,  No.  126,  Lot  1,  Placed  on  experi- 
ment 12-22-58  after  ocmpleting  third  lactation. 
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Fig.  3.     Milk  iroduotion,  body  weight,  nutrient  intake  and  requirement, 
and  blood  picture  of  E  44,  Lot  1.     Placed  on  experiment  12-22-38  after 
completing  third  lactation. 
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Pig.  4.     Milk  production,  body  weight,  nutrient  intake  and 
requirement,  and  blood  picture  of  E  40,  Lot  1.     Placed  on 
experiment  5-27-39  after  completing  third  lactation. 
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Pig.   5.     Milk  produotion,  body  ireight,  nutrieot  intake 
and  requirement,  and  blood  picture  of  Petal,  No.  275, 
Lot  1.     Placed  on  experiment  9-22-39  after  oojapleting 
second  lactation. 
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Fig.   6.     Milk  produotion,  body  weight,  nutrient  Intake 
and  requirement,  and  blood  picture  of  Caprice,  No.  282, 
Lot  1,     Placed  on  experiment  10-3-39  after  oompletine 
first  lactation. 
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Fig,  7.     Milk  production,  body  weight,  nutrient  intake  and  requirement, 
and  blood  picture  of  Daffodil,  No.   492,  Lot  2.     Placed  on  experiment 
12-22«>S8  after  completing  second  lactation* 
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Fig,  8.     Milk  production,  body  weight,  nutrient  intake  and  requirement, 
and  blood  picture  of  Laxira,  No.   273,  Lot  2.     Placed  on  experiment 
12-24-38  after  c<»npl6ting  first  lactation. 
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Pig,  9.     Milk  produotion,  body  ireight,  nutrient  intake  and  requirement, 
and  blood  picture  of  June,  No.   113,  Lot  2.     Placed  on  experiment  1-17-39 
after  completing  fifth  lactation. 
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Fig.  10.  Milk  production,  body  weight,  nutrient  intaJce  and  require- 
ment, and  blood  picture  of  E  42,  Lot  2.  Placed  on  experiment 
5-27-39  after  completing  third  laotation. 
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Fig,   11,     Milk  production,   body  weight,  nutrient  intake 
and  requirement,  and  blood  picture  of  Idol,  No,   141,  lot 
2.     Placed  on  experiment  9-14-39  after  completing  second 
lactation. 
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Pig,   12.  MiUc  production,  body  weight,  nutrient  intake  and  requirement, 
and  blood  picture  of  Milla,  No.  235,  Lot  3.     Placed  on  experiment 
12-22-38  after  completing  fourth  lactation. 


72 


l$Lg.  13.     Milk  production,  body  weight,  nutrient  intake  and  requirement, 
9ni  blood  picture  of  Tempest,  No.  381,  Lot  3.     Placed  on  experiment 
1-17-39  after  completing  third  lactation. 
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Pig,  14.  Milk  production,  body  ireight,  nutrient  intake  and  require- 
ment, and  blood  picture  of  E  41,  Lot  3.  Plaoed  on  experiment  3-9-39 
after  completing  tiiird  lactation. 
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Fig,  16.  Milk  production,  body  weight,  nutrient  intake  and 
requirement,  end  blood  picture  of  Hallie,  No.  139,  Lot  3. 
Placed  on  experiment  7-18-39  after  completing  second  lacta- 
tion. 


75 


Pig.   16.     Mlk  prodvwtion,  body  weight,  nutrient  intake  and 
requirement,  and  blood  picture  of  Lily,  No.  495,  Lot  3. 
Placed  on  experiment  9-29-39  after  completing  third  lacta- 
tion. 
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Fig.  17. 


Photographs  of  represeaatatiTe  animals  from  Lot  1  near  time  of  going  on 
experiment  and  again  on  7-15-40. 
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Fig,  18.  Photographs  of  representative  animals  from  Lot  2  near  time  of  going  on 
experiment  and  again  on  7-15-40. 
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Fig.  19.  Photographs  of  represantati-ve  animals  from  Lot  3  near  time  of  going  on 
experiment  and  again  on  7-15-40. 
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